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ABSTR'^CT 


This  report  has  been  prepared  to  present  the  technology  and  cost  aspects  of 
broadcast  satellite  systems-  The  device  and  technological  basis  for  broadcast 
satellite  systems,  both  in  space  and  on  earth,  rely  heavily  on  present  experience 
in  both  telecommunication  and  broadcast  satellites  which  have  been  operated  with 
a variety  of  earth  terminals  during  tive  last  decade.  With  such  experience  as  a 
resource,  and  the  growing  technologies  of  small  antennas,  low  noise  FET's, 
receivers,  and  space  type  high  power  amplifiers,  it  is  possible  to  new  build  opera- 
tional systems;  i.e.,  the  West  German  TV-SAT  system  and  the  COllSAT  direct  broad- 
cast system  and  the  second  generation  Japanese  BSE  (Broadcast  Satellite  for  Ex- 
periment Purposes) . 

This  report  will  describe  broadcast  satellite  systems,  past,  present, 
and  in  the  planning  stage.  It  will  then  describe  the  technologies  which  are 
unique  to  both  high  power  broadcast  satellites  and  small  TV  receive-only  earth 
terminals.  It  will  then  conclude  with  a cost  assessment  of  both  space  and  earth 
segments,  and  appendices  will  present  both  a computer  model  for  satellite  cost 
and  the  pertinent  reported  experience  with  the  Japanese  BSE. 
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1.0  INTRODUCTION 


Television  broadcasting  from  space  is  a maturing  service  with  a rapidly 
evolving  technology.  It  has  been  extensively  tested  in  its  two  forms,  conrunity 
service  and  direct- to<*home  service.  As  a result  of  The  World  Broadcasting 
Satellite  Administrative  Radio  Conference  (WARC-77)  held  in  Geneva  in  1977  and 
WARC-79,  many  international  guidelines  relative  to  frequency,  coverage,  and 
EIRP  have  been  established  which  is  resulting  in  considerable  activity  in  various 
countries  for  implementing  this  service. 

Television  'distribution  via  satellite  is  now  a very  mature  and  common 
technology.  It  became  a significant  international  seirvice  of  the  Intelsat  System 
relaying  TV  images  from  one  country  to  another  following  the  successful  video 
transmissions  from  Great  Britain  to  Andover,  Main  via  TELSTAR  in  the  early  1960’s, 
and  the  relay  of  the  Japanese  Olympics  from  Tokyo  to  Pt.  Mngu  via  SYNC(^-1  in 
1964.  Today,  video  transmission  on  a worldwide  basis  is  the  bulwark  of  news  and 
sports  events  reporting  and  has  become  virtxially  commonplace  in  all  of  the  104 
countries  of  the  Intelsat  System  . 

Television  distribution  satellite  for  domestic  service  is  also  commonplace. 

It  was  first  implemented  by  the  USSR  via  the  ORBIIA  System  in  the  late  1960's 
for  distributing  TV  from  Moscow  to  stations  in  Russia  west  of  the  Urals,  and  was 
the  principal  objective  of  the  Canadian  Anik  satellite  system  and  the  U.S.  WESTAR 
satellite  in  the  mid  1970' s.  Today,  television  distribution  by  satellite  is  a 
thriving  business  in  the  United  States  to  service  the  vast  cable  TV  networks 
which  reach  almost  357.  of  U.S.  TV  viewers;  this  domestic  TV  distribution  service 
has  alsr  created  new  users  of  TV;  i.e.,  the  religious  broadcasters;  the  Spanish 
and  Black  networks,  Mutiial  and  PBS  TV  and  radio  distribution,  and  "super-TV 
stations"  to  name  only  a few. 
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TV  broadcast  from  spaca  for  conzounity  recaption  and  direct- to«>usar  service 
has  developed  from  systems  distinctly  separate  from  international  and  domestic 
telecomounication  systems.  The  use  of  NASA's  ATS-6  brought  direct- to-user  TV 
service  at  2.5  GHz  for  educational  systems  (Rocky  Mountain,  Appalachia,  etc.)  In 
both  the  U.S.  and  India  In  the  1970' s.  The  Joint  U.S. -Canada  CTS  (Hermes) 
satellite  used  the  then  new  11/14  GHz  frequencies  to  provide  direct- to-user  ex- 
perimental TV  service  to  users  in  both  Canada  and  the  U.S.;  indeed  the  writer 
recalls  viewing  a hocky  game  originating  In  Montreal  while  a guest  at  the 
Canadian  Embassy  In  Lima,  Peru  In  1978.  These  11/14  GHz  frequencies  were  also 
used  by  Japan  for  an  experlotnt  In  direct- to-user  TV  broadcasting  using  the 
Japan  BSE  (Broadcast  Satellite  for  Experimental  Purposes)  which  was  built  in  the 
U.S.  by  General  Electric.  In  the  Soviet  Union,  the  EKRAN  system  was  created  In 
1974  using  the  STATSIONAR-T  satellite  operating  at  a 714  MHz  down-link  (6  GHz 
up- link)  to  provide  community  reception  of  TV  (rebroadcast  at  50  MHz)  in  Siberia. 

The  above  activities  have  served  to  call  attention  - worldwide  - to  the 
use  of  conmninicatlon  satellites  from  television  broadcasting  for  community  and 
direct- to-user  services,  and  WARC-77  and  WARC-79  provided  the  necessary  freq'jency 
allocations  and  interference  requirements  which  now  are  encouraging  many  other 
countries  to  make  commitments  to  direct  TV  broadcasting  from  space.  These  countries 
include  India,  Australia,  France,  Germany,  The  Scandinavian  Countries,  Italy,  PRC, 
and  as  a "Phase  2",  both  Canada  with  Anik's  B and  C,  and  Japan  with  plans  for  an 
advanced  commercial  broadcast  satellite.  In  the  United  States,  a partnership  of 
COliSAT  General  and  Sears  Roebuck  explored  the  feasibility  of  introducing  direct- 
to-user  TV  broadcast  from  space  into  the  U.S.  mainland. 

The  activity  has  provided  the  impetus  for  what  is  a virtual  technological 
explosion  based  on  the  use  of  giant  satellites  with  high  EIRP  which  can  access 
small  inexpensive  earth  tettninals. 
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Thi«  r«port  I*  intended  to  docvanaiat  and  idanttfy  thl§  tachnological  ax- 
ploslon  in  both  aatelllta  daaign  and  aarth  tarmiral  de.ign.  It  will  introduca 
present  and  plannad  T/  space  broadcasting  systems;  provide  an  overview  of 
WARC-77  and  WARC-79  requirements  which  relate  to  EIRP,  interference,  and  G/T, 
discuss  critical  satellite  technology  relative  to  generating  EIRP  up  to  65  dbw 
at  12  GHz  from  modem  shaped-beam  antennas  positioned  with  proper  satellite 
pointing  accuracy;  discuss  the  technolog>'  of  small  TV  broadcast  earth  terminals 
from  the  standpoint  of  design  for  achieving  low  side  lobes  and  high  G/T  and 
using  modem  integrated  circuits,  and  provide  a cost  analysis  of  both  the 
satellite  and  the  earth  terminal  which  will  indicate  the  economics  of  satellite 
television  broadcasting  networks  with  a large  number  (100,000.  1 million. 

10  million)  of  raceiving  terminals. 
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2.0  FREQUENCY  AND  SYSTEM  REQUIREMENTS 

2.1  Introduction  ■»  Hirlf  of  WARC-77. 


Following  WARC>77,  t«l«vlslon  broadcAitlng  from  ipacs  and  conaarvatlon  of 
both  radio  apectrun  and  gtoaynchronous  orbit  bacama  worldwide  concerna  which 
recently  led  154  nations  to  meet  in  Geneva,  Switzerland  during  the  final  months 
of  1979  at  WARC-79  to  conalder  how  to  regulate  and  plan  the  fnture  Implementation 
of  TV-broadcaatlng  using  TV-satellitas  on  a global  basis. 

WARC-77  was  convened  in  Geneva  on  January  10,  1977,  under  recommendation  of 
the  Plenipotentiary  Conference,  Malaga,  Torremollnos,  of  1973  in  reaponae  to 
Resolution  No.  SPA  2-2  of  MARC-71  for  space  telecommunications.  WARC-77  was  held 
to  plan  :or  broadcast  satellite  service  in  the  frequency  bands  11. 7- 12. 2 GHz  for 
Regions  2 and  3 and  11.7-12.5  GHz  for  Region  1.  The  objectives  of  this  conference 
were  to: 

o Establish  Che  sharing  criteria  for  the  bands  11.7-12.2  GHz  (in  Regions  2 
and  3)  and  11.7-12.5  GHz  (Region  1)  between  the  broadcasting  satellite 
service  and  the  other  services  to  which  these  bands  are  allocated. 

o Plan  for  the  broadcasting  satellite  service  In  these  bands. 

o Establish  procedures  to  govern  the  use  of  these  bands  b^;  the  broadcasting 
satellite  service  and  by  the  other  services  to  which  these  bands  are 
alloca ted. 

o Consider  the  results  of  the  work  of  the  Group  of  Experts  on  the  possible 
rearrangement  of  the  Radio  Regulations  and  the  Additional  Radio  Regula- 
tions. 

These  objectives  resulted  from  a growing  awareness  of  the  potential  of  TV 
broa^'castlng  from  space,  and  recognized  thnt  the  very  nature  of  satellite  coraou- 
nications  offered  a tool  to  bring  government,  education,  and  entertainment  to 
areas  heretofore  not  satisfactorily  reached  by  terrestrial  systems. 


WARC-7.’  resulted  in  e priori  pUnning  for  Regions  1 end  3«  by  providing  s 
plan  that  divided  up  the  II. 7-12. 5 GHz  bend  into  40  TV  chennele  end  provided 
specie!  orbitei  positions  spaced  at  6 degrees.  Each  adainistration  in  these 
regions  was  assigned  one  or  more  assignment  units,  each  consisting  of  five  TV 
channels  and  an  associated  fixed  orbit  location.  larger  countries,  such  as  PRC, 
were  assigned  three  units  and  the  USSR  six  assignment  units.  Each  channel  rt 
each  orbital  position  was  assigned  a special  elliptical  contour  on  earth  centered 
by  a boresight  specified  in  geographical  coordinates,  an  antenna  beawldth, 
orientation  of  the  ellipse,  a polarization,  and  the  satellite  EIRP.  Figure  2 
shows  a typical  assignment  of  patterns  on  earth  from  various  orbital  positions 
for  a single  selected  channel,  showing  how  this  a-priori  planning  also  attempted 
to  solve  the  problem  of  interference.  One  advantage  of  this  assignment,  which 
is  unique  to  TV  broadcast,  is  the  ability  to  structure  an  orbital  system  usin,, 
similar  or  homogeneous  satellites  with  EIRPs  in  the  62-to-67-dBw  range.  This 
system  was  designed  to  use  small  earth  terminals  with  a G/T  of  6 dB/K  and  antenna 
beamuidth  of  2 degrees  (arotind  one  meter  in  diameter)  to  make  possible  very-low- 
cost  earth  segments  operating  with  high-power,  costly  space  ragments. 

Region  2 (North  and  South  America)  was  accorded  only  interim  provisions 
pending  future  establishment  of  a detailed  plan  for  broadcast  satellites  in  the 
11.7-12.2  GHz  frequency  band.  This  future  plan  was  postponed  to  a regional  WARC 
to  be  held  in  1982  with  the  specific  objective  of  using  WARC-79  decisions  to 
foster  a outually  acceptable  plan  to  all  countries  concerned,  designed  to  reduce 
technical  difficulties  and  incompatibilities  with  systems  of  other  regions. 

The  WARC-77  directive  specifically  said,  "It  should  be  laid  down  as  a matter  of 
principle  that  each  administration  in  the  Region  should  be  guaranteed  a minimum 
number  of  channels  (4)  for  the  operation  of  the  broadcasting-satellite  service. 
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Above  thla  mlaloum,  the  apeciel  charecterlttlca  of  the  countries  (site,  tine 
zones,  language  differences,  etc.)  shell  be  taken  Into  account.'* 

Region  2 had  a problem  of  fre<{uency  allocations  at  11  GHz  that  was  not 
present  in  Regions  1 and  3.  In  Regions  1 and  3,  the  present  bands,  10.95*11.2 
GHz  and  11.45-11.7  GHz,  are  shared  by  fixed  satellite  (non-TV  broadcast)  with 
terrestrial  radio  and  mobile  radio.  TV  broadcast  is  allocated  separately  from 
fixed  satellite  service  into  the  higher  frequency  bands  of  11.7-12.5  GHz  in  Region  I 
and  11.7-12.2  GHz  in  Region  3.  In  Region  2,  the  present  allocation  fox  North  and 
South  America  includes  these  fixed  satellite  bands,  but  the  11.7-12.2  GHz  band  is 
shared  by  broadcast  eatellites  and  fixed  satellites.  The  early  starus  of  satel- 
lite conmunications,  when  these  allocations  were  made,  and  the  understandable 
myopia  involved  in  looking  forward  at  that  time, led  to  this  incredible  example 
of  the  danger  of  a-priori  planning.  It  forced  the  United  States  and  Canada  to 
seek  higher- frequency  bands  to  escape  the  crowded  C-band  up-down  links.  This 
led  to  the  development  of  Anlk-B,  Anik* C,  and  Satellite  Business  Systems  (SBS) 
for  fixed  satellite  service  in  the  11.7-12.2  GHz  band,  which  had  be«n  used  by 
the  pioneering  CIS  broadcast  satellite.  Insnediate  concern  arose  for  the  problems 
caused  by  inhomogeneous  satellites  (high  and  low  EIRF)  sharing  for  same  frequency 
band  and  orbit  space.  WARC-77  compromised  by  separating  the  orbital  locations 
used  by  broadcast  satellites  from  an  orbit  space  used  by  fixed  service  satellites 
such  as  Anlk-B  and  SBS,  i.e.,  broadcast  satellitas  were  authorized  for  the 
geostationary  orbit  from  7S°W  to  100°U  longitude  (howe<mr,  for  service  to  Canada, 
the  United  States,  and  Mexico,  the  space  was  restricted  to  75°W  and  95°U)  and 
from  140®W  to  170°W  longitude  (Fig.  3). 

WARC-79  then  responded  to  raconnendations  by  tha  United  States  to  provide 
for  a Ku-band  TV  broadcast  downlink  frequency  band  which  would  escape  potential 
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interference  from  the  growing  use  of  the  I1.7-12.2  GHz  bend  In  fixed  satellite 
services  by  allocating  the  fre<f^iency  band  12.2-12.7  GHz  exclus ive ly  for  broad- 
cast satellite  services  with  the  provision  of  sharing  the  lower  portion  of  this 
band  with  fixed  satellite  services  until  a resolution  could  be  made  at  SPACE 
WARG  to  be  held  in  1983. 

2 . 2 TV  Space  Broadcasting  Frequencies. 

Table  2-1  lists  the  principal  TV  space  broadcasting  frequencies  now  assigned 
by  WARC-79  for  Regions  1,  2,  and  3. 

The  UHF  band  and  S-band  downlink  frequencies  are  for  coranunity  television 
services;  i.e.,  reception  from  space  and  relroadcast  locally.  These  frequencies 
are  presently,  or  will  be,  in  use  in  operational  systems.  The  Soviet  Statsionar-T 
community- service  broadcast  satellite  uses  a downlink  of  714  MHz,  while  the  India 
satellite  INSAT  will  provide  conjminity  service  TV-broadcast  in  S-band. 

As  indicated  by  Table  2-1,  the  12.2-12.7  GHz  band  is  now  the  broadcast  satel- 
lite service  downlink  for  Region  2 (North  and  South  America,  etc.)  and  this 
report  will  address  this  frequency  band  in  consideration  of  both  broadcast  satel- 
lites and  earth  terminals  in  the  succeeding  sections. 

Millinater  wav;  frequencies  had  also  been  allocated  for  broadcast  satellite 
service  and  have  been  considered  for  digital  systems  in  Europe,  but  are  not  a 
consideration  of  this  report. 

2.3  WARC-77  and  WARC-79  Reeruireaents. 

Table  2-2  lists  the  basic  requirements  of  both  individual  reception  (direct 
to  user)  and  connunity  reception  provided  by  WARC-77  for  Regions  1 and  3. 

These  requirements  list  not  only  the  basic  satellite,  signal,  and  earth  terminal 
characteristic  but  also  allocated  certain  channels  of  the  40  channels  in  the 
11.7-12.5  GV.z  band  to  each  country  complete  with  beam  size  and  footprint,  orbital 
location  and  boresight  angles.  Figure  2-1  illustrates  the  typical  layout  of  foot- 
prints at  one  channel. 
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1ABI£  2-1 


gUtH-t^RY  OF  PRINCIPAL  TV  BROADCASTING  SATELLITE 


DOWNLINK  FREQUENCY  ALLOCATIONS  FOR  REGIONS  1 AND  3 

Freouencv 

Available  Bandwidth 

*620-790  MHz  (UHF) 

170  MHz 

*2500-2690  MHz  (S-Band) 

190  MHz 

11.7-12.2  GHz'^ 

500  MHz 

C (Ku-Band)  Region  3 
*12.5-12.75  GH^ 

250  MHz 

11.7-12.5  GHz  (Ku-Band)  Region  1 

800  MHz 

40.5-42.5  GHz 

2000  MHz 

84-84  GHz 

2000  MHz 

fa)  SUMbiVRY  OF  PRINCIPAL  TV  BROADGk STING 

SATELLITE 

DOWNLINK  FREQUENCY  ALLOCATIONS  FOR 

REGION  2 

FreTjency 

Available  Bandwidth 

*620-790  MHz  (UHF) 

170  MHz 

*2500-2690  fMz  (S-Band) 

190  MHz 

**12.1-12.3  GHz 

200  MHz 

12.2-12.7  GHz  (Ku-Band) 

500  MHz 

40.5-42.5  GHz 

2000  MHz 

84-86  GHz 

2000  MHz 

* Consnunlty  reception  systems  only 
**  Lower  part  of  band  allocated  at  WARC-79  to  be  shared  with  fixed 
satellite  service.  To  be  resolved  at  Space  WARC-1983. 
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TABLE  2-2 

BRCADCASTItr-  ^TET^LITS  PUN  BY  WARC-77 
FOR  REGIONS  I & 3 


System  (3iar«cteriBtlc8 

Setelllte  Spacing 
Frequency  Band 
Channel  Spacing 
Number  of  Channels 
Polarization 
Modulation 
Signal  Processing 
Energy  Dispersal 
RF  Channel  Bandwidth* 

C/N  Objective 

C/I  Objective  (co- channel) 

PFD  (Individual  Reception) 

PFD  (Consnunity  Reception) 

Prote;;tion  Ratio  between  Two  FM  Signals 

Satellite  Characteristics 
EIRP  per  Beam 

Minimum  Required  Transmit  Beanwidth 
Pointing  Accuracy 
Station-keeping 

Earth  Stations 

G/T  Individiial  Reception 
G/T  ConiBunity  Reception 
Antenna  Beamwldth  (individual) 

Antenra  Diameter  (Individual) 

Antenna  Beaiawidt'h  (community) 


6 degrees 

11.7-12.5  GHz 
19.18  MHZ 
50 

Circular  (RH  and  IH) 

FM 

CCIR  Pre-emphasis 
600  kHz,  pk-pk 
28  MHz 

14  dB 
31  dB 

-103  dW/m^,  edge  of 
coverage 

-111  dBW/m^ 

31  dB  Co- Channel 

15  dB  Adjacent  Channel 

from  60.8  to  68  dBH 
0.6°  elliptical  or  circular 
j<).l°  N-S  and  E-W 
+0.1°  N-S  and  E-W 

6 dB/°K 
14  dB/°K 
2° 

about  1.0  meter 
1° 


* 525  line  in  Region  2,  18  and  23  MHz 


R.gion  2 w«.  .Hotted  th.  12.2-12.7  GHz  bend  .t  mC-79  for  bro.dcit 
a.telllt.  aervlc  .s  dticu»«6d  .bov.,  but  while  the  gsener.!  guldelin.*  o£ 

Region.  1 end  3 cn  be  .till  con.idered  ..  beaellne  to  Region  2,  owy  ie«ie. 
relating  to  channel.,  orbital  .pacing,  orbital  location,  interference  and 
protection  ratio,  are  yet  to  be  reaolved  and  will  no  doubt  be  addrei.ed  at 

SPACE  WARC-83. 

2.4  Satellite  EtRP  and  Earth  Terminal  G/T  for  Broadcasting  Satellite 
Service  in  Region  2. 

Table  2-3  Hats  the  present  CCIR  power  flux  density  limits  for  broadcast- 
ing satellites,  and  Figure  2-2  shows  how  existing  satellites  up  to  1975  approached 
thU  Umtt  using  high  nou.r  «.ollH.rs  .nd  high  g.ln  .ntenna.  In  the  seteUlces. 

The  crltlcel  EIRP  and  G/T  peremeters  to  be  used  as  guidelines  In  this 
report  ere  deriwd  from  these  limitations  end  ere  listed  es  follcus: 


EIRP 

G/T 

UHF 

42  dW 

0 dB/°K 

S-band 

54  dBW 

0 dB/°K 

K .-band 

63  dBW 

8 dB/°K 

While  these  guldoUnes  ere  erbltrery.  they  ere  In  eccordence  with  not  only  the 
PFD  limits,  but  et  Ku-bend,  ere  consistent  with  the  EIRP  In  dBW  now  permitted 

in  Regions  1 and  3. 

2 , 5 Protection  Reouiretnonts  for  Sharing. 

The  broadcast  satellite  service  has  been  given  specific  sharing  criteria 
by  the  CCIR  with  respect  to  protection  re<|uirements  relative  to  the  carrier-to- 
interference,  ratio  arising  from  an  interfering  signal.  Table  2-A  lists  the 
protection  re<juireiLents  for  Region.  1,  2 and  3 for  broadcast  satellite  service 
at  12  GHz  from  a variety  of  interfering  services  as  stated  in  the  WARC-77 
"FINAL  ACTS"  published  by  The  International  Telecomnunlcation  Union  in  Geneva, 
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1ABIZ  2-3 


POWER  FLUX  reNSITY  LIMITS  FOR  BROADCASTING  SATELLITES 


Fraouencv  Band 
620-790  MHz 


2500-2690  MHz 


11.7-12.2  GHz 


22.5-23  GHz  (Region  3) 


Pirn  (E  • Elevation  Angle) 

-129  dBw/m^/2  MHz  for  E <20° 

-129  + 0.4  (E-20)  dBw/m^  2 MHz  for  20<E<60 

-152  dBw/m^/4  kHz  for  E < 5° 

.152  + 3 (E~^  dBw/m^/4  kHz  for  5°<E  <25° 

4 

-137  dBw/m^/4  kHz  for  E»25° 

-125  dBw/m^/4  kHz  Circular  Polarization** 
-128  dBw/n^/4  kHz  Linear  Polarization** 

Subject  to  PFD  Limita  for  the  Protection 
of  Terraatrial  Sarvicea  in  thia  Band. 


41-43  GHz  None 

84-86  GHz  None 


e May  be  exceeded  on  the  territory  of  any  country  the  adniniatratlon  of  which 

haa  ao  agreed. 

e*  Into  Regiona  1 and  3 from  atationa  In  Region  2. 
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Wanted 

Service^ 

Wanted 

Signal^ 

Interfering 

Service^ 

Interfering 

Signal^ 

2 3 

Protection  Requlrenents  ' 

Total  Acceptable 

Single  Entry 

BSS 

TV/FM 

BSS,  FSS, 

TV/FM 

C/I  • 30  dB 

C/I  - 35  dB 

FS,  BS 

6S 

TV/VSB 

BSS  j 

TV/PM 

C/I  - 50  dB 

Not  Appliabla 

Notes:  1 - BSS 

- 

broadcasting-satellite  service 

FSS 

■ 

fixed-satellite  service 

BS 

- 

broadcasting  service 

FS 

■ 

fixed  service 

TV 

■ 

television 

FM 

frequency  modulation 

2 • These  limits  include  both  up-link  and  dovn-link  contributions. 

They  are  expressed: 

- in  dB  for  carrier- to- interference  ratio 

- in  pUOp  for  noise 

- in  dBW/m^M  kH*  for  power  flux  density  in  a 4 kHz  bend 

3 - For  antennae  larger  than  lOOX  (2.5m)  in  the  fixed- satellite  service, 

the  gain  of  the  side-lobes  is  given  by  the  equation  32-25  log  9, 
where  9 is  the  angle  from  the  boresight  (CCIR  Recomniendation  465) . 
The  side- lobe  gain  is  independent  of  antenna  diameter. 
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Swltzarltnd.  At  lndlc«t«d,  « total  accaptabla  C/l  of  30  db  of  protaction  fron 
an  Intarfarlng  algnal  la  ra^irad,  vhich  in  turn  will  largaly  apacify  tha 
pattam  aatellita  and  aarth  tansinal  antanna  pattama  for  utilization 

of  tha  orbital  arc. 

2.6  Orbital  Poaition  Conaidarationa. 

Optimal  orbital  uaa  by  broadcaatlng  aatellitaa  ia  a aubjact  far  bayond 
the  acope  of  thia  raport.  Howavar,  tha  ralatlo*^  batwaan  orbital  apacing,  aarth 
terminal  antenna  diameter,  frequency,  and  db  level  of  Interfering  algnal  haa 
been  acudied  by  J.  McElroy  (Fig.  2-2  ) and  U.  Horgan  (Fig.  2-3)  ahowing  the 
critical  nature  of  orbital  apacing  which  will  dominate  the  worldwide  conaidera- 
tion  of  the  geoatationary  orbit  for  yeara  to  come. 

In  the  a-prlori  planning  of  both  broadcaat  aatellita  orbital  utilization  and 
channel  allocation  provided  by  U^RC-77,  an  orbital  apacing  for  Raglona  1 and  3 
of  6°  vaa  adopted.  Thia  apacing  waa  adopted  uaing  tha  apacacraft  antanna  pat- 
tern criterion  ahown  in  Figure  2*4  and  earth  termlnala  adhering  to  the  32-25 
log  0 formula.  However,  in  Region  2,  there  ia  an  opportunity  to  develop  more 
technologically  paced  guidalinaa  for  orbital  apacing  baaed  more  on  tha  uaa  of 
aophiaticated  multiple-beam  antennaa,  without  tha  reatrictioi  i of  a-priori 
planning. 

Actually  the  6°  apacing  of  broadcaat  aatellitaa  adhering  to  the  modeat 
antenna  aideloba  requiramenta  of  Figure  2-4  will  provide  illumination  with 
aignlficant  flux  density  far  bayond  individual  national  boundariea  in  moat  caaaa  • 
and  tha  multlpla-baam  apacacraft  antenna  - to  be  diacuaaed  in  thia  report  la 
the  technology  which  can  allavlata  a aavare  potential  political  problem  baaed  on 
tha  ao-callad  "Prior  Consent  Issue"  and  the  "Spillover  Issue". 

According  to  Dr.  Delbert  Smith,  writing  in  Satellite  Comminicationa  for  « 
March,  1979,  "Tha  issue  of  prior  consent  seams  to  be  tha  most  difficult  issue 
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to  resolve.  Most  netlons  heve  egreed  to  or  actively  advocate  a prior  consent 
requirement.  The  United  States  has  been  the  only  major  dissenter.  The  prac- 
tical fact  is  that  sovereign  states  will  not  accept  a broadcast,  touch  less  pay 
for  one,  unless  they  can  maintain  sotns  control  over  the  program  content  to 
prevent  "harmful  effects".  Using  this  argument,  one  can  see  that  broadcasters 
can  expect  higher  sales  to  receiving  states  by  giving  the  buyer  control  through 
a contract.  This  is  a type  of  limited  prior  consent  which  would  be  consistent 
with  U.S.  constitutional  la^/  and  broadcasting  practice. 

The  technical  issue  of  spillover  also  falls  under  the  prior  consent  issue. 

As  the  satellites  become  more  sophisticated  it  will  be  possible  for  the  broad- 
caster to  maintain  a good  deal  of  control  over  the  direction  of  the  signal. 

But,  in  certain  areas  of  the  world  there  may  always  be  some  inadvertent  ir- 
radiation from  the  satellite.  For  those  broadcasts  not  of  a regional  character, 
this  may  cause  some  international  political  friction. 

The  burden  to  control  this  problem  will  probably  fall  with  the  broadcasting 
rather  than  the  receiving  country.  This  :7ould  be  consistent  with  regulations 
concerning  spillover  as  determined  by  the  ITU.  The  Swedish- Canadian  approach, 
is  based  on  these  regulations. 

If  prior  consent  is  accepted  as  a means  to  deal  with  spillover,  it  will 
probably  come  into  effect  in  a limited  number  of  sitxiatlons.  Exemptions  will 
probably  be  provided  in  sltiiations  where  the  elimination  of  the  spillover  is 
technically  impossible,  as  defined  by  the  ITU  Radio  Regulations.  Other  situa- 
tions not  requiring  consent  could  be  those  where  a broadcast  is  entirely  domestic 
in  character  and  where  the  broadcast  cannot  be  easily  received  in  the  third  state. 

Consent  would  still  b><}  required  where  the  spillover  broadcast  was  aimed  at 
a particular  audience  within  the  receiving  state.  Some  provision  promoting 
international  consultations  as  a means  to  avoiding  dispute  will  probably  also 

receive  support  for  inclusion  in  a final  document. 
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Figure  2-2 

Growth  I&  GoofT&chroaous  Comzmisication  Satillito 
HadUUd  Power  with  Tima. 
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Satellite  Spacing  vs  Earth 
Station  Sidelobe  Interference  Levels 

Inlerlvrtnet  G*omttr^*  Bttwven  SatttlU*  Networks 


c -0  > H 

' Wani»^  ftt0ful  paths 
— — ■ — Inunsring  signal  paths 


Effect  of  Increased  Frequency  on  Earth  SUtion 
Sidelobe  Interference  uevela  and  Permiiieable 
Satellite  Spacing— Dr.  John  McElroy  n'  NASA 


Earth  Station  Sidelobe 
Interference  Levels— W.  Morgan 


Figure  2-2A 


Fljiure  2-3 
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Antenna  Patterns  For  TV  Satellite 
Broadcasting  According  to  .WARC-77 


Reference  patterns  for  co-polar  and  cross-polar 
components  for  receiving  antennas  for  individual 
reception  in  Region  2 


V 
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3.0  PRESENT  AND  PIANNED  BROUJCAST  SATELLITE  SYSTEMS 


3. 1 Introduction. 

Broadcast  satellite  technology  by  1980  was  already  entering  Its  second 
generation  of  satellite.  ATS>6  and  GTS  had  both  been  retired  after  long  years 
of  service  for  testing  comnunlty  service  TV-broadcast  and  individual-user 
TV-broadcast;  the  USSR  Statsionar-T  broadcast  satellite  was  transmitting 

operationally  into  thousands  of  consnunlty  terminals  In  Siberia;  Japan's  Broad- 

* 

cast  Satellite  for  Experimental  Purposes  (BSE)  was  In  test,  and  Anlk-B  followed 
CTS.  In  development  were  India's  INSAT,  and  both  France  and  Germany  had 
authorized  a start  of  construction  of  a TV-Sat  for  each  country. 

Tables  3-1  and  3-2  list  the  principal  parameters  of  the  broadcast  satellites 
which  have  achieved  operational  or  experimental  use  In  space  at  UKF,  S-band,  and 
Ku-band-  Note  that  the  EIRP's  are  not  to  the  range  of  60-68  db  used  by  WARC-77 
to  permit  broadcasting  Into  small  1-meter  terminals  at  12  GHz.  Rather  EIRP's 
of  50-60  db  were  used  which  actually  was  a significant  technical  advance  over 
the  34-36  dbW  typical  of  conventional  fixed  services  satellites. 

The  next  paragraph  will  discuss  the  salient  parameters  of  those  satellites 
which  provide  a technology  base  to  high  power  broadcast  satellites  of  the 
f’iture  where  EIRP's  of  around  63  db  will  be  coranonplace.  However,  attention  Is 
called  to  the  Canadian  Anlk-B  experiment,  which  after  the  pioneering  high  power 
CTS,  Is  now  testing  broadcast  satellite  operation  using  EIRP's  as  low  as  51  dbW 
which  Is  Intended  to  simplify  satellite  design  while  retaining  the  feature  of 
small  Inexpensive  earth  terminals. 

The  next  section  will  provide  signal  and  modulation  formats,  link  budgets, 
and  key  operating  characteristics  service  of  the  broadcast  satellites  listed  in 
this  section  as  an  introduction  to  the  satellite  and  earth  terminal  design  and 
technology  descriptions  tc  be  described  In  Sections  5 and  6 respectively. 


* BSE  failed  in  Spring  1980. 
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TABLE  3-1 


TV  BROADCAST  SATELLITES  WHICH  HAVE  ACHIEVED  OPERATION  IN  SPACE 


Satellite : 

ATS -6 

CTS- Hermes 

Japanese  BSE 
Broadcast  Satellite 
for  Experimental 
Purposes 

Stationar-T 

Country  of  Orli^ln: 

USA 

Joint  USA 
and  Canada 

Japan  - Satellite 
Built  in  USA 

USSR 

Countries  Used: 

USA.  India 

USA,  Canada 

Japan 

Siberia 

Frequencies  Used  for 
Broadcast : 

860  MHz.  2.6  GHz 

11.7-12.2  GHz 

11.7-12.2  GHz 

716  MHz 

Launch  Vehicle: 

Titan  IIl-C 

Thor-Delta  2194 

Thor-Delta  2914 

Nunaber  of  TV  Channels/ 
Transponders: 

2 TV  Channels  at 
2.6  GHz  or  one  TV 
Channel  at  860  MHz 

Two  85  MHz 
transponders 

Two  TV  Channels 
50  MHz  and  80  MHz 

One 

EIRP: 

52.5  dBw  Either 
Channel 

60  dBw  with 
200  Watt  TWT 

55  dBw 

55  dBw 

Power  Amplifier: 

Transistor  Povfer  Amp 
80-100  Watt 
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Th«  broAdcast  satellites  to  be  described  in  this  section  did  aore  chan 
Innovate  the  use  of  down- links  from  geostationary  orbit  for  TVobroadcast;  they 
started  the  development  of  new  technologies  which  are  needed  to  implement  the 
basic  requirement  of  high  satellite  EIRP  to  make  possible  the  use  of  small 
inexpensive  earth  terminals.  These  satellites  helped  pioneer  3-axls  body 
stabilized  technology,  creating  stationary  platforms  in  space  which  could  be 
used  in  fixed  service  satellites. 

3.2  U.S.  Systems. 

The  United  States  has  been  the  pioneer  in  the  development  of  TV*broad- 
casting  satellites;  NASA's  ATS-6  and  the  joint  U. S. -Canadian  CTS  (Hermes)  were 
the  first  to  introduce  this  unique  service  to  a variety  of  users  In  more  than 
ten  coui4cries  and  these  satellites  have  done  much  to  demonstrate  to  the  world 
the  advantages  of  both  conraunity  reception  and  Indlvldxial  user  reception  in 
the  areas  of  education,  public  service,  disaster  relief,  direct  broadcast  into 
the  home,  and  many  other  services  which  have  wide  appeal  to  governments  which 
have  rural  areas  and  widely  dispersed  population  areas  which  cannot  be  normally 
reached  by  conventional  terrestrial  comnunication  systems. 

The  United  States  has  a situation  relative  to  TV-broadca sting  from  space 
which  is  perhaps  unique  in  the  world.  The  existence  of  powerful  TV  networks 
connected  by  terrestrial  microwave  radio,  and  the  enormous  growth  of  a free- 
enterprise  cable  TV  system  using  domestic  satellite  transponders  at  4/6  GHz  for 
TV  distribution  has  made  TV-broadcast  to  the  home  less  than  attractive  to  moat 
populated  areas. 

Accordingly,  while  the  technical  Interest  in  TV-broadcast  satellites  was 
high  in  the  United  States  during  the  1970' s,  the  actual  user  and  government 
interest  was  relatively  low  and  v 'll  probably  remain  low  until  broadcast  satel-. 
lites  with  only  a few  channels  can  compete  with  low  cost  Cable  TV  systems 
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offering  more  then  24  channels. 
3.2.1  ATS«6. 


ATS-6»  shown  In  Figure  3-1,  was  the  pioneering  broadcast  satellite  pro- 
viding TV  down-links  at  2.54  GHz  and  860  MHz.  This  satellite,  launched  in 
May  1974  (Table  3-3),  provided  significant  ’Experimental  experience  which  "opened 
the  doors"  to  broadcast  satellite  development. 

Table  3-4  lists  the  experiment  details  which  were  used  to  provide  s 
significant  educational  experiment  in  India  at  860  MHz  (UHF)  for  one  year,  ond 
transmission  at  2.54  GHz  (S-band)  in  the  United  States  for  many  educational 
systems  Including  a 150  terminal  Rocky  Mountain  Education  Experiment  which 
brmigh  educational  materials  to  schools  in  remote  mountainous  areas. 

ATS-6  was  among  the  first,  with  Russia's  Statsionar-T,  to  use  high  trans- 
mitter power  in  space  (around  100  watts  from  powerful  transistor  amplifiers  - 
the  Statsionar-T  used  a 200  watt  Klystron).  Another  innovation  was  the  develop- 
ment of  a low  cost  2.54  GHz  low  noise  transistor  amplifier  and  a direct  frequen- 
cy discriminator  developed  by  Hewlett  Packard  and  a lO-foot  diameter  reinforced 
plastic  antenna  developed  by  Prodelin  Company  of  Santa  Clara,  California. 

These  terminals  inaugurated  the  ere  of  low  cost  terminals  representing  indivi- 
dual total  terminal  costs  of  less  than  $5000. 

3.2.2  CffllSAT  System 

In  1979,  COMSAT  and  SEARS  ROEBUCK  announced  intention  to  provide  a broad- 
cast satellite  to  be  designed  by  COMSAT  and  marketed  by  Sears.  While  the  details 
of  this  satellite  were  not  made  public  and  the  partnership  was  dissolved,  it  is 
known  that  the  satellite  design  that  was  considered  was  for  use  at  12  GHz  providing 
four  beams  into  four  time  zones  respectively  in  the  United  States  and  using 
small  1-meter  TVRO  terminals  at  each  home  on  a subscription  basis. 
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table  3*3 

ATS-6  SATELLITE  CHARACTERISTICS 


Shape,  Size 


Weight 

Power 


Stabilization 


Design  Life 


Orbit 


Orbital  History 


Developed  By 


30-£t.  diameter  parabolic  reflector,  6.5>ft.  diameter 
bub  section  with  copper -coated  dacron  mesh  supported 
by  48  aluminum  ribs. 

Earth -vietring  module  at  antenna  focus  with  experiment 
sections  and  supported  subsystems,  54  x 54  x 65  in. 

2 solar  arrays  (deployed  in  space),  each  half  a cylinder, 
54-in.  radius,  94  in.  long. 

Maximum  height  27  ft.  6 in. 

Maximum  span  51  ft.  8 in. 

2970  lbs. 

Solar  cells  and  NiCd  batteries 
645 -U  Initial  maximum 
415 -W  minimum  after  5 yrs. 

3-axis  stabilized,  0.1°  pointing  accuracy 

Pointing  to  any  location  on  earth 

Tracking  of  low  altitude  satellite  over  +11°  from 
local  vertical. 

2 yrs.  (required) 

5 yrs.  (goal) 

Synchronous  equatorial;  94^  longitude  until  June  1975, 
35°E  longitude  from  July  1975  to  July  1976,  105°W 
longitude  thereafter. 

Launc  ad  30  May  1974 
Tital  me  launch  vehicle 
In  use  (June  1976) 

NASA 

Fairchild 
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TA.BLE  3-4 

ATS-6  TV  Broadcast  Experiment  Details 


Satellite  Instructional  Television  Exparlaant  (SUE) 

Configuration  40-MHz  bandwidth  double  conversion  repeater 

Transmitter  860  MHz  (3750  MHz  used  occasionally  to  monitor  signals 

80-W  output,  51.0-dBw  ERP  peak 


Receiver 


5950  MHz 

G/T:  -17  dB/°K  peak 

Transmit:  30-£t.  parabola,  33-dB  peak  gain, 

2.8°  beamwidth,  circular  polarization 

Receive:  Horn,  16.3-dB  peak  gain 

13®  X 20°  field  of  view,  linear  polarization 

(30-ft.  parabola  might  be  used  for  receiving 
instead  of  horn,  48.4-dB  peak  gain,  0.4° 
bandwidth,  +13.7  dB/°K  G/T) 


Health/Education  Experiment 

Configuration  Forward  Link:  Two  30-to  40-MHz  bandwidth  repeaters  for 

2 FM-TV  carriers  with  sound  subcarriers 
plus  separate  telephone  carriers 

Return  Link:  For  telephone  carriers 

Transmitter  2470  and  2670  MHz  (also  C-band  for  monitoring) 

15-W  output,  53.0-dBw  peak  ERP 


Receiver 


Antenna 


5950  MHz 

G/T;  -17  dB/°K  peak 

Transmit;  30-ft.  parabola,  41.5-dB  peak  gain,  1 
beamwidth,  circular  polarization 

Receive:  Horn,  16.3-dB  peak  gain 

13°  X 20°  field  of  view,  linear  polarization 

(30-ft.  parabola  might  be  used  for  receiving 
instead  of  horn,  48.4-dB  peak  gain,  0.4° 
bandwidth,  -13.7  dB/°K  G/T) 
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Presently,  COMSAT  has  formed  a subsidiary  to  provide  direct  broadcast  satellite 
service  end  has  obtained  oermission  to  proceed  with  satellite  and  earth 
temlnal  design.  (See  section  3.8.4) 

3.2.3  FCC  Deregulation  Results. 

In  1979,  the  FCC  deregulated  the  use  of  the  4 GHz  coonerclal  satellite 
down- links  making  it  now  within  the  law  to  receive  commercial  TV-modulated 
carriers  provided  by  the  transponders,  UESTAR,  SAICQM  1,  2,  and  COMSTAR,  for 
conmerclal  users  of  TV  signal  distribution,  without  requiring  a license. 

This  deregulation  now  eliminates  the  need  for  expensive  coordination 
and  filing  by  commercial  earth  terminal  users  and  has  indeed  made  possible  a 
massive  business  directed  toward  private  TVRO  terminals. 

As  a result  of  the  growing  use  of  C-band  transponders  for  TV  distribution, 
commercial  earth  TVRO  terminal  quantities  are  soaring  (3400  In  April  1980  and 
to  exceed  10000  by  1983),  and  costs  for  3,  4.5,  and  7 meter  terminals  using 
85°K  F£T  LNA’s  are  coming  into  the  5000-15000  dollar  range  for  commercial  network 
quality  reception;  *rith  earth  terminal  sales  to  exceed  1.1  billion  dollars  by  1990*. 

In  addition  to  the  growth  in  commercial  TVRO  earth  terminal  production, 
a home-experimenter  activity  also  developed  In  the  U.S.  with  home-made  TVRO 
terminals  costing  as  low  as  1-2  thousand  dollars  using  unique  and  interesting 
new  antenna  techniques  while  making  significant  inroads  into  the  development 
of  low  cost  receivers  using  integrated  circuits  and  components  derived  from 
modem  color  TV  production  lines  and  commercial  microwave  receivers. 

3.3  Canadian  Systems. 

The  Canadians  were  the  first  in  the  free  world  to  build  a domestic 
satellite,  and  they  have  continued  their  innovation  in  broadcast  satellite 
technology  by  the  development  of  CTS  and  AMIK-B. 

*Microwaves,  July  1979,  Pg.  17 
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3.3.1  CTS  (HBrwa) 


On  April  20,  1971,  the  govenunants  of  the  United  Stetea  end  Cenede  signed 
a Memorandum  of  Understanding.  They  agreed  to  tindertaka,  on  a Joint  basis,  the 
development  and  launching  of  an  experimental  satellite,  designated  the  CTS, 
Conmainications  Technology  Satellite,  to  extend  comnunications  technology  to 
much  higher  power  levels  of  transmission  than  had  been  previously  used.  This 
would  permit  the  use  of  small,  low-cost,  ground  terminals  that  would  make 
comounications  services  practical  in  areas  not  now  served.  Under  this  agree- 
ment, Canada  designed  and  built  the  spacecraft  at  their  Comnunications  Research 
Center  (CRC) . NASA  provided  spacecraft  test  facilities  at  the  lewis  Research 
Center  and  the  Goddard  Space  Flight  Center  (GSFC)  and  also  a high  efficiency 
200-watt  traveling-wave- tube  amplifier  and  power  supply  that  operated  in  the 
12-  to  14-GHz  band.  A NASA  Thor- Delta  model  2914  latinch  vehicle  placed  the 
satellite  In  geostationary  orbit.  A consortium  of  European  nations,  through 
the  European  Space  Research  Organization  (ESRO),  also  participated  in  associa- 
tion with  the  Canadian  Government.  U.S.  and  Canadian  experimenters  shared 
equally  in  the  time  allocation  during  the  satellite' f>  expected  2-year  life. 

The  objective  of  the  CIS  program  is  to  advance  the  technology  of  both 
spacecraft-mounted  and  related  ground-based  components  and  systems  applicable 
to  high-radlated-RF-power  satellites.  In  order  to  achieve  this  objective, 
the  spacecraft  was  designed  to  demonstrate  new  technology  applications  and 
conduct  experiments  on  components  and  systems  that  will  be  applicable  to  futtire 
commercial  cossouni  cat  ions  satellites.  The  program  also  included  communications 
experiments  with  user  agencies,  universities,  and  industrial  groups  in  the 
United  States  and  Canada. 
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Specific  objectives  included  denonstretions  of: 

o A 12-GHz  treveling-veve  tube  (IWT)  with  about  50  percent  efficiency 
and  with  a nominal  RF  out^c  power  of  200  watts  and  the  associated 
power  processor  required  to  convert  the  solar  array  power  into  an 
acceptable  form  to  operate  the  TUT. 

o The  operation  of  an  unfurlable  soIar*cell  array  delivering  over  1 lU 
of  useful  power  to  the  spacecraft. 

o A three-axis  stabilization  system  to  maintain  antenna  boresight  point- 
ing accuracy  to  ^.1°  in  pitch  and  roll  and  +1°  in  yaw  on  a spacecraft 
with  large  flexible  appendages. 

o Color  television  transmission  at  12  GHz  from  a satellite  to  small, 
low-cost  ground  terminals. 

o Uplink  television  transmission  at  14  GHz  from  small  terminals. 

o Audio  broadcast  to  verj  small  ground  terminals. 

o IVo-way  voice  conmin  lest  ion,  wideband  data  transmission,  and  data 
relay. 

Figure  3-2  shews  the  3-axls  body-stabilized  CIS  while  Table  3-S  lists  its 
pertinent  technical  details.  It  was  a significant  contribution  to  satellite 
by  providing  high  radiated  power  («60  dbw)  at  12  GHz  using  a special  200  watt 
TWT  built  by  Litton  Industries  in  the  United  States.  CIS  pioneered  the  use  of 
the  12  GHz  down- link  for  broadcast  satellites  and  gave  impetxM  to  the  develop- 
ment of  small  1-meter  and  2-meter  T7R0  earth  terminals  for  use  in  not  only 
Canada  and  the  United  States  but  also  in  Japan  where  the  Japanese  NA.SDA  and 
Radio  Research  laboratories  were  pointing  toward  the  Japan  BSE. 

3.3.2  Anik-B.  (Figure  3-3) 

« 

Anik-B,  built  by  RC4  with  both  C-band  and  11/14  GHz  transponders  is  a 
3>axis  body- stabilized  satellite  using  for  12  GHz  20  watt  TWTs  which,  rsinj; 
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Ti^BLE  3-5 

CTS  TECHNICAL  DETAILS 


Configuration 

Iranimitter 


Receiver 


Antennas 

Design  Life 
Orbit 

Orbital  History 


Developed  By 


Body  72 -In.  dlaoeter,  74  in.  high  with  2 solar  arrays 
50  In.  wide,  20  ft.  4 In.  long;  total  satellite  span 
52  ft.  9 in. 

738  lbs. 

Solar  cells  and  MlCd  batteries,  1260  W Initially, 

918-W  minlffluffl  after  2 yrs. 

3-axls  stabilization,  ^.1*^  about  pitch  (north-south)  and 
roll  (velocity  vector)  axes,  +1.1°  about  yaw  (radial)  axis 

Two  85-MHz  band'.r  ith  single  conversion  repeaters 

11.843  to  11.928,  and  12.038  to  12.123  GHz 

Normal  configuration  20 -W  TWT  on  low  band  and  200-W  TWT 
on  high  band,  alternately  both  bands  share  the  20-W  TWT 
(at  reduced  capability) 

14.010  to  14.095  and  14.205  to  14.290  GHz 

2 preamplifier  chains  (1  on,  1 standby) 

Noise  figure:  4 8.5  dB  with  tunnel  diode  preamplifier 

44  dB  with  parametric  amplifier 

Two  28-ln.  diameter  antennas,  36.2-dB  gain  on  axis  tor 
transmit  and  receive,  2.5°  beamwidth,  steerable  over  +7.25°, 
linear  polarization 

2 yrs. 

Sy?ichronous  equatorial,  116°W  longitude,  ^.2^-W  statlon- 
keuping 

Launched  19  January  1976 
Delta  2914  launch  vehicle 
In  use  (June  1976) 

Canadian  Department  of  Coomunlcatlons 
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Aigty  gain  antennas,  provided  EIRP's  In  the  46.5  dbw  to  49.5  dbw  range  (peak 
of  51  dbw).  This  experiaental  satellite  vas  designed  to  operate  with  fifty 
1.2>meter  TVRO  terminals  and  fifty  1. 8-meter  TVRO  terminals. 

The  objectives  of  Anlk-B  were  to  test  the  usefulness  of  lower  EIRP 
satellites  1-  small  TVRO  terminals  and  to  demons trt re.  evaluate  and  gain 
experience  with  both  direct- to-home  and  small  consaunlty  reception  using  a low 
broadcast  power  flux  density  level. 

Initial  tests  with  Anlk-B  have  shown  that  with  a 1.2-Mter  antenna  TVRO 
a margin  above  static  threshold  of  3.7  db  was  measured  while  the  1.8-meter 
antenna  TVRO  terminal  provided  a margin  of  7.2  db  above  static  threshold.  The 
l82-meter  TVRO  antenna  terminal  operated  just  above  the  threshold  where  noise 
appears  In  the  color  bars,  while  no  noise  appeard  In  the  color  bars  provided 
by  the  1.8 -me ter  antenna  TVRO  terminals. 

3.4  Japanese  Systems. 

3.4.1  BSE. 

The  Japanese  Medium-scale  Broadcasting  Satellite  for  Experimental 
Purpose  (BSE)  was  launched  In  February  1978  from  ETR,  U.S.A. , using  a Delta 
2914  launch  vehicle,  and  located  at  llO^E  In  a S3mchronous  orbit.  The  BSE  Is 
a three-axis  stabilized  spacecraft  having  sun-oriented  solar  array  for  high 
power  generation  and  14  GHz/ 12  GHz  direct  conversion  mission  transponders 
c-paole  of  two  channels  color  TV  relay  broadcasting.  On  the  orbit,  various 
experiments  of  TV  broadcasting,  K-band  radio  wave  propagation  and  spacecraft 
control  were  conducted.  BSE  failed  In  Spring  1980. 

Figure  3-4  shows  the  BSE;  Figure  3-5  shows  the  extenai.a  BSE  experiment 
system  which  Included  1,  1.6,  and  2.5  mater  TVRO  antenna».  Some  of  the 


-38- 


ommi  PAGE  IS 

QUAL,^ 


-Y  NORTH 


SOLAR  ARRAY  DRIV( 


NORTH 

TRANSPONDER 

PANEL 


ANALOG  SUN  SENSOR, 


APOGEE  KICK  MOTOR 


320m  SECONDARY  PROPULSION 
PROPELLANT  TANK 


1.199m 


TT&C 

S-BAND  ANTENNA- 


ATTITUDE  CONTROL 
THRUSTERS  \ 


+Z  j 

EARTH 


BATTERY 


COMM  K-BAND  ANTENNA- 


SOUTH 

HOUSEKEEPING  PANEL 


SOLAR  ARRAY  PANEL' 


+Y  SOUTH 


FIGURE  3-4 


8.948m 


technologies  developed  in  Japan  for  use  with  the  l-meter  TVRO  terminals  will 
be  discussed  in  Section  6. 

Tables  3-6  through  3-9  describe  in  detail  the  technical  parameters  of  the 
3-axis  body- stabilized  satellite  which  used  100  watt  IVT  manufactured  by  Hughes 
in  the  United  States  and  a 36  db  gain  antenna  to  provide  an  EIRP  of  56  dbW 
(59  dbW  peak).  (NEC  now  manufactures  a 100-watt  space  TWT) . 

3.5  Indian  System. 

3.5.1  INSAT. 

India  is  having  INSAT- lA  built  by  Ford  Aerospace  and  Ccmnunicationa 
Corporation  according  to  the  description  in  Table  3-10.  India  has  decided  to 
continue  using  the  2.55  GHz  down-link  frequencies  with  42  dbw  EIRP  (using 
40  watt  transistor  amplifiers  and  a 25  db  gain  antenna)  to  furnish  connunity 
reception  in  the  same  fashion  provided  in  the  1970' s by  ATS -6. 

This  broadcast  satellite  concept  - combined  with  data  and  telephone 
channels  and  a radiometer  is  a novel  and  innovative  approach  to  multiple- 
purpose  satellite  utilization.  (See  Figure  3-6). 

The  Indian  Government  is  yet  to  take  Investment  decisions  concerning  the 
radio  and  television  ground- segment  for  the  INSAT-I  system.  As  far  as  the  direct 
TV  broadcasting  service  is  concerned,  the  INSAT-I  System  has  the  capability  to 
provide  2 direct  broadcast  channels  over  the  entire  country.  For  reception  of 
INSAT-I  direct  TV  broadcast  signals  with  a reception  quality  similar  to  that 
for  the  ATS-6  Satellite  Instructional  Television  Experiment  (SITE)  of  1975-76, 
Direct  Reception  Sets  (DRS)  with  Figure-of-Merit  (G/T)  of  8.2  dB/°K  are  required 
which  can  be  achieved  with  a 12'  diameter  low-cost  chicken-mesh  antenna  and 
a receiver  noise  figure  of  or  better  than  4.5  dB.  In  some  of  the  north-eastern 
areas,  DRSs  of  bettor  sensitivity  will  be  required;  this  could  be  accomplished 
by  having  a larger  antenna  or  a better  receiver  or  a suitable  combination  of 
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1ABIZ  3-6 

JAPANESE  BROADCAST  SATELLITE  FOR  EXFERIffiNTAL  PURPOSES  (BSE) 


I.  Communications  Subsystem  Functional  Reouirements 

. Provide  2 100-Watt  Ku-Band  TV  Channels 

- 150  MHz  Bandwidth 

- 180  MHz  Bandwidth 

. Antenna  Beam  to  be  Shaped  to  Provide  at 
Over  Japanese  Main  Island 

Least  +37  dB  Gain 

- Not  to  Exceed  'f28  dB  Level  on  China, 

Korea  or  Russia 

. Provide  Service  to  Outlying  Islands 

- Okinawa 

- Ogasawara 

2.  Communications  S/S  Performance  Sunmarv 

Parameter 

DeslRn  Performance 

Receive 

. Peak  G/T 

8.2  dB/°K,  Minimum 

. Bandwidth 

- Transmit /Receive  Diplexer 

- Communications 

500  MHz 
250  MHz 

. Noise  Figure 

8 dB  Maximum 
7.1  dB  Nominal 

. Frequency  Stability  (Long  Term) 
(Parts  per  Million,  PPM) 

+ 1 PPM/Day 
+10  PPM/ 3 Years 

Transmi t 

Peak  EIRP 

+59  dBw,  Minimum 

. 100  Watt  TWTA  Drive  Level  Control 

Controllable  from  Ground 
Between  -20  dBw  and  -35  dBw 

. Spurious  Outputs 

> 50  dB  Below  Carrier 

3.  Power  Capability 

. Prelaunch:  Up  to  6 hours  on  battery  power 

Transfer  Orbit:  14%  excess  power  from  array 

Daylight  On-Orbit  Load  Power 

- BOL  Aututonal  Equinox  951  watts 

- BOL  Susnar  Solstice  866  watts 

- 3-Year  Autumnal  Equinox  823  %iatt8 

- 3-Year  Sussoer  Solstice  767  watts 

- 9.8%  Margin  Minimum 

. Eclipse  Or.-Orblt  Load  Power 

- ICO  watts  at  60%  DOO 

- 687.  ^largin 
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TABI£  3-7 

JAPANESE  BROADCAST  SATILLIIE  SYSTEM  PARA>ETERS 


Satellite  Location 
Experimental  Coverage 
Frequency  Bands 

Number  o£  TV  Channels 
Picture  Quality 
Power  Flux  Density 

System  Life 
Booster 

Coomand  and  Control 


110*^  East  Longitude 

Japanese  Territory 

14.25  - 14.43  GHz  uplink 
11.95  - 12.13  GHz  downlink 

2 

S/N  - 45  dB  (TASO  Grade  1) 

Japan  mainland  (-108  dBw/m^) 
Remote  territory  (-117  dBw/m^) 

3 years 

Thor -Delta  2914 

S-Band  and  K-Band  from  Control 
Stations  in  Japan 


TA.BIE  3*8 

BRQADCASTIMG  SAIELLim  BSE  TECHNICAL  DETAILS 


Satelllce 


ConfiguraCion 

Capacity 

Transmittar 


Receiver 


AnCeanas 


Design  Life 
Orbit 

Orbital  History 
Developed  By 


Rectangular  body,'<»  4 ft.  square;  overall  depth  (body 
and  antenna)  10  ft.  overall  span  29  ft.  4 in. 

770  lbs. 

Solar  cells  and  NiCd  batteries,  970  W at  beginning 
of  life,  780-U  minimum  after  3 yrs. 

3-axis  stabilization,  +0.2°  pointing  accuracy  (3e-) 

2 single  conversion  channels,  SO-  or  80-MHz  bandwidth 

2 color  TV  channels 

11.95  to  12.00  and  12.05  to  12.13  GHz 

3 transmitters  (2  on,  1 standby) 

100-W  output  per  channel 

ERP  per  channel:  55-dBw  minimum  for  primary  area 
46-dBw  minimum  for  fringe  areas 

14.25  to  14.30  and  14.35  to  14.43  GHz 

2 receivers  (1  on,  I standby) 

£ 8. 5 dB  noise  figure 

Single  parabolic  reflector,  3.4  x 5.2  ft.  1.4°  x 2° 
beamwidth  (at  -4  dB) , 40.3-dB  peak  transmit  gain 

3 feeds  are  used  together  to  shape  the  beam  (807.  of 
the  power  goes  theough  the  main  feed) 

3 yrs. 

Synchronous  equatorial,  110°E  longitude,  ^.1°  E-W 
and  M-S  stationkeeping 

Launch  scheduled  for  first  quarter  1978 
Delta  2914  launch  vehicle 

National  Space  Development  Agency  of  Japan 
General  Electric 
Tokyo  Shibaura 


mBI£  3-9 

pjif]?.  SYSTEM  KEY  PARAtCTERS 


Satellite  Location 
Experimental  Coverage 
Carrier  Frequency 
TT6£ 

Cotanand/ Ranging 

Te lemetry /Ranging 

Television 

Up-Link 

Down -Link 

Channel  Capacity 
Received  Quality 
TV-Video 

TV-Sound 

Power  Flux  Density 
Japan  Mainlands 
Remote  Territory 

K-Band  Antenna  Pointing  Accuracy 

On-Orbit  Station -keeping  Accuracy 

Initial  Solar  Array  Generated  Power 

Reliability 

System  Design  Life 

Launch  Vehicle 

Launch  Capability 


IIC^’e  Longitude 
Japanese  Territory 

2110.8  MHz  (1  MHz  BW) 

14.0125  GHz  (1  MHz  BW) 

2286.5  MHz  (1  MHz  BW) 

11.7125  GHz  (1  MHz  BW) 

14.250  - 14.300  GHz 
(25  MHz  BW/TV  Channel) 

14.350  - 14.430  GHz 
(25  MHz  BW/TV  Channel) 

11.950  - 12.000  GHz 
(25  MHz  BW/rv  Channel) 

12.050  - 12.130  GHz 
(25  MHz  BW/TV  Channel) 

2 - Color  TV  Channels 

S/H  ■ 45  dB  at  1 dB  Rain  Loss 
(TASO  Grade  1) 

S/N  - 50  dB 

-108  dBw/m^ 

-117  dBw/m^ 
i 0.2°  (3e-) 

± 0.1°  (N/S  and  E/W,  3 years) 

970  watts  at  worst  case 

0.725 

3 years 

Delta  2914 

675.8  Kg 
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1ABI£  3-10 

The  INSAT-I  SateUlf 

The  mSAT-IA  eetellite  wtll  be  loceted  et  74°  E longitude  end'INSAT-IB 
at  94°  E longitude.  Each  of  the  INSAT-I  satellites,  being  built  by  the 
Ford  Aerospace  & Conraunlcations  Corporation  (FACC)  of  USA  to  Indian 
specifications  and  re<tu«i-ements  under  a contract  from  the  Department 
of  Space  (DOS),  is  designed  to  provide  the  following  capabilities  over 
individual  7 year  in-orbit  life: 

o TWO  36  MHz  wide  direct  TV  broadcast  transponders  in  5855-5935 
MHz  (earth-to-8atellite)/2555-2635  MHz  (satellite- to-earth) 
with  42  dbW  (min)  EOL  EIRF  each.  National  coverage.  Utiliza- 
tion for  direct  TV  broadcasting  to  augmented  low-cost  comnu- 
nity  TV  sets  in  rural  areas,  TV  program  distribution,  radio 
program  distribution,  and  disaster  warning. 

o Twelve  36  MKz  wide  transponders  operating  in  5935-6A25  MHz 

(earth-to-satellite) /3710-4200  MHz  (sate  11 its- to-earth)  frequen- 
cy bands  with  32  dbW  (min). 

0 A data  channel  (200  kHz  bandwidth)  operating  in  402.75  +0.1  MHz 
(earth-to-satellite)/4038.1  + 0.1  MHz  (satellite-to-earth)  bands 
for  relay  of  data  from  unattended  data  col lection/ transmission 
platforms. 

0 A Very  High  Resulutlon  Radiometer  (VHRR)  instrument  with  a 

Visible  (0.55-0.75  ^m)  and  an  Infra-Red  (10.5-12.5  urn)  channel 
with  resolutions  of  2.75  tens  and  11  tens  respectively  and  with 
.^11  earth  coverage. 


-46- 


c:^;:  ^ ..  ; 

OF  uFALlT 


INSAT«I  SPACECRAT 


'SOLAR  SAIL 


C lAMO  ANTCNNA. 


.C/S  SANQANTCMMA 


V MRR< 


CARTH  SCNSQR 


'lOOia  TMRUSTIR 
‘UHR  ANTCNHA(OCR) 


OMMANTCRNA' 


.SOLAR  RMRnS 


SOLAR  ARRAOr 


Figure  3-6 
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both.  Tha  Indian  Spaca  Rataarch  Organization  (ISRO)  of  tha  Dapartmnt  of  Spaca 
hava  tha  S-band  (2.5  GHz)  DRS  tachnology  raquirad  for  tha  INSAT-I  ayatam  and 
have  offered  tha  aacie  to  Indian  Induatry  as  a part  of  thalr  tachnology  trans- 
fer program.  A number  of  Induatriea  in  India  are  currently  dlacuaalng  S-band 
DRS  tachnology  tranafer  from  ISRO. 

The  hlgh-powar  S-band  (2.5  GHz)  transpondara  on  board  INSAT-I  satallltaa 
can  provide,  alnultaneoualy  with  direct  TV  broadcast,  a national  radio  program 
channel  and  disaster  warning  channel  in  injected  carrier  mode  of  working.  A 
low-coat  S-band  receive  system  colocated  with  radio  transmitters,  having  a 
12'  diameter  chlcken-mesh  antenna  and  a 3 dB  Noise  Figure  (NF)  low-noise  ampli- 
fier (LNA),  will  be  able  to  receive  high-quality /fidelity  15  KHz  audio  signals 
for  radio  networking. 

Figure  3-7  shows  the  INSAT-I  system  concept  illustrating  tha  variety  of 
earth  terminals  to  be  used  to  receive  all  of  the  various  down- links  and  to 
provide  all  up-llnks.  Note  that  these  terminals  range  from  small  terminals  for 
direct  TV  broadcasting,  to  large  telephone  earth  stations,  to  emerging  comnu- 
nlcatlon  terminals  to  terminals  serving  at  least  100  data  collection  platforms, 
deployed  all  over  India  and  the  surrounding  ocean. 

3.6  European  Systems. 

In  many  aspects,  Europe  can  be  considered  to  be  the  principal  beneficiary 
of  the  ATS-6  broadcast  experiment,  which  gave  rise  to  both  national  and  European 
efforts,  sometimes  cooperative,  soaetiioes  competitive,  in  the  development  of 
large  broadcast  satellites.  These  developments  have  been  made  in  conjunction 
with  the  development  of  the  ARIANE  Launch  Vehicle,  for  which  a large  European- 
sponsored  boradcast  satellite  was  to  be  the  first  principal  payload. 

The  satellite  development  activity  in  Europe  is  very  complex;  it  is 
performed  at  European  Space  Agency  (OTS,  ECS,  H-SAT,  L-SAT,  etc.)  as  a result 
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of  a cooparative  arrangenanc  of  alavan  European  countrlaa»  and  it  is  performed 
bl*nationally:  (SYMFHC^IE  - France  and  FRG) , and  nationally:  Italy  (SZRIO). 

Franca  (TELCOM),  Graat  Britain  (SKWET) , and  FRG  (Fadaral  Rnpublic  of  Ganneny) 
(HELIOS  and  soon  TV* SAT) . 

In  197 1»  tha  FGR*  commissionad  Siamens,  SEL  and  MBB  to  prapara  a faasibillty 
study  of  a talavision  broadcast  satallita.  This  study,  coaplatad  In  1973, 
described  a satellite  which  had  niany  new  unique  features;  i.e.,  a 3*axis  body- 
stabilized  platform,  with  0.1°  pointing  accuracy,  an  EIRF  of  67  dEU  into  tha 
FRG  ■md  64.5  dS7  into  neighboring  German  speaking  areas,  using  a 40.8  dB  peak 
gain  antenna  and  a 500  watt  TVn.  Four  channels  were  planned  in  a satellite 
designed  to  be  launched  on  Atlas  Centaur,  and  to  serve  small  home  TV  receivers 
with  4 dB/K  for  G/T  and  using  community  receivers  with  7 dB/K  G/T.  This  study 
was  particularly  memorable  in  that  it  produced  FRG-sponsored  TWT  development 
at  the  750  watt  level  at  SIEMENS,  at  1.5  Ry  and  500  watt  at  VALVA,  and  at  450 
watts  at  AEG  - Telefunken.  It  was  also  the  first  to  recognize  the  applicability 
of  the  low  noitfe  FET  (then  not  fully  developed  for  12  GHz  use)  for  the  answer 
to  the  sensitivity  of  a TVRO  ground  terminal  having  diameters  from  0.41  meters 
to  1 meter  for  a range  of  receiver  noise  figures  from  4.5  dB  to  8.5  dB. 

Following  the  FGR  study,  interest  in  broadcast  satellites  by  the  FRC  was 
transferrerl  to  ESA  of  which  FRG  was  a key  member  and  consideration  was  raade  of 
a broadcast  satellite  known  as  H-SAT  by  ESA,  as  a payload  for  ARIANE  and  as  a 
developmental  companion  to  the  highly  successful  11/14  GHz  Orbital  Test  Satellite 
(OTS)  launched  in  1978,  and  in  the  forthcoming  European  Communication  Satellite 
(ECS). 

★Commissioned  by  Gesellschaft  Pur  Weltraumforschung,  Contract  FVll/ 1-V14/72-QH- 
01-00. 


-50- 


These  Joint  efforts  produced  considerable  national  technological  skills 
directed  toward  3-axis  body-stabilization  st  MBB/TFLDDC,  high  power  tube  develop- 
ment at  both  AEG-Telefunken  in  the  FRG  and  Thomson-CSF  in  France.  These  efforts 
produced  a technological  fall-out  whl.h,  in  addition  to  the  technological  skllla 
produced  by  the  Franko-Cenaan  SYMPHONIE  and  Italy's  SIRIO.  and  participation  in 

Intelsat’s  IV,  IV-A,  ad  V.  has  procuded  a broadcast  satellite  competence  and 
experience  jf  considerable  neignitude. 

3.6.1  ESA  L-SAT. 

The  ESA  H-SAT  or  ARIANE  HEAVY  SATELLITE  as  it  was  described  by  R.  L.  Herndon 
at  the  AIAA  7th  Comainication  Satellite  Systems  Conference  in  San  Diego,  Calif., 
April  1978,  was  designed  to  match  the  Uunch  capability  (1700  Kg)  of  ARIANE  1. 
This  satellite  was  under  design  with  the  objectives  of  providing  a TV-broadcast 
payload  with  two  channels  in  the  11/14  GHz  band  and  a 20/30  GHz  comminication 
payload  which  included  a 2 x 2 port  awitch  matrix  to  test  SS-TDMl.  This  satel- 
lite design  never  got  beyond  the  feasibility  and  preliminary  design  phase  - 
although  it  led  to  the  design  and  realization  of  450  watt  TWT  at  AEG-Telefunken 
and  150  watt  IWT  at  Thomson-CSF,  and  explored  in  depth  the  technology  of  main- 
taining beam  pointing  accuracy  of  0.05°  for  at  least  12  hours  a day  continuously. 

The  growing  expertise  in  TV-Satellite  design  and  technology  at  MSB  in  FRG, 
spurred  by  Dr.  D.  Koelle,  and  the  interest  by  FRG  in  providing  TV-broadcast 
services  to  the  German  speaking  nations  of  Europe  caused  FRG  to  withdraw  its 
support  in  H-SAT,  to  concentrate  on  the  development  of  the  Geramn  TV-SAT  to 
be  described  in  Section  3.6.2-  With  the  impetus  of  first  German,  and  then 
French  Interest  in  building  Urge  TV-broadcast  aatellires,  ESA  then  returned 
to  broadcast  satellite  ar.ra  with  the  l^SAT,  a Urge  3-axis  body- stabilized 
satellite  now  sized  to  the  lift-off  weight  of  ARIANE-3  of  2300  Kg  and  including 
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the  following  payloads  now  under  consideration: 

- a two  channel  12  GHz  television  direct  broadcast  payload  with  one 
channel  providing  preoperational  services  for  one  European  country  and 
the  other  steerable  to  support  experiments  and  demonstration  in  time 
sharing  mode  over  the  whole  European  region. 

- a payload  for  pilot  European  specialized  or  business  services  in  the 
12.5-12.75  GHz  downlink  band  for  operation  with  small  terminals 
located  at  private  or  local  premises. 

- a payload  for  experiments  and  demonstration  in  the  20/30  GHz  band  as 
relevant  to  its  future  utilization  for  specialized  services  such  as 
videoconferencing,  and  supporting  scientific  and  technical  objectives 
of  relevance  to  a range  of  other  ftiture  applications. 

- a payload  to  support  experimental  measurements  of  propagation  effects 
in  the  20/30  GHz  bands. 

L-SAT  would  serve  as  a test  vehicle  for  U.K. , Italy,  Netherlands,  Belgium, 
Denmark,  Spain,  Austria  and  Canada;  in  other  words,  the  countries 
in  Europe  not  served  by  German  and  French  national  broadcast  satellites. 

3.6.2  German  TV-SAT  (FRG) . 

The  FR3  Ministry  of  Research  and  Technology  (BMFT)  has  become  a staunch 
advocate  of  high  power  TV-broadcast  satellites  as  fitting  addition  to  the  present 
German  nationwide  TV-broadcastJng  system  with  two  TV  programs  and  one  regional 
program.  Since  no  additional  frequencies  were  available  for  conventional  ter- 
restrial broadcasting,  the  TV  broadcasting  satellite  had  the  feature  of  pro- 
viding an  additional  five  channels  to  serve  both  direct-to-home  interests  and 
to  serve  the  extensive  German  cable  T.’  system. 

Following  the  feasibility  study  of  a TV  broadcast  satellite  for  Germany 
described  in  3.6,  the  MBFT  in  1979  directed  MBB,  supported  by  AEG-Telefunken, 
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Domier,  ERNO,  and  SEL  to  build  a aatalllta  with  a target  launch  date  of  a 
pre-operational  aatelllte  on  Arlane  3 in  early  1983  and  an  operational  eatel- 
lite  in  1985.  This  satellite  was  specified  as  being  compatible  with  both 
ARIANE  and  STS/SSUS-A  (TV-SAT  A3) . 

This  broadcast  satellite  shown  in  Figure  3-8  has  five  TV  channels  in  the 
11.7-12.5  GHz  baid  with  an  :.nHP  of  65. 5W  using  260  watt  WTA  and  high  gain 
(40  dB)  antennas  with  0.72  x 1.^2  degree  beamwidths  from  a satellite  position 

at  19°  West  (j<).  1>  • 

Tables  3-11  and  3-12  describe  the  pertinent  details  of  TV-SAT.  The  up- 
links are  not  described  since  they  are  anticipated  as  being  in  the  18.5  to  14.1 
GHz  range  pending  finalization  of  allocations  by  WARC-79. 

The  technological  innovations  of  this  satellite  are  substantial  and  ’/ery 

significant;  they  include: 

- Travelling  wave  tubes  of  200  to  450  watts 

- Power  repeater  chains 

- CFC-antenna  dishes  as  large  as  2m  in  diameter 

- Feed  system  of  the  transmitting  antenna 

- ultra- lightweight  solar  generator 

- Double-gimbaled  momentum  wheel 

- High-precision  infrared  earth  sensor 

. Digital  reprogrammable  attitude  and  orbit  measurement  and  control  system 

- Digital  TM/TC  system 

- RF-ssnsor 

- Li«iuid  apogee  thrust  system 

- Bearing  and  power  transmission  assembly  for  high  pcwer 
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TABLE  3-11 


MAIN  SYSIEM  REQUIRE^CNTS  OF  GERMAN  TV -SAT 


Comnunlcatlon 

Orbit  Position,  Nominal 
Station  Keeping 

Antenna  Pointing  Direction 
(Rx  and  Tx) 

Antenna  Beam  Pointing  Accuracy 
Antenna  Ellipse  Orientation  Accuracy 
Antenna  Beamwidth 

DC  Power  EOL 
Lifetime 

Coaaaunication  Frequency  Bands 
Polarization 


5 Channels  for  Germany 
3 Operated  Simultaneously 

19°W/0°  N-S 

Longitude  +0,  1° 

Latitude  + 0,  1® 

9,66°E/49,9°N 


Any  Direction  +0,1® 

± 2® 

Transmit  1,62°  x 0,72°  elliptic 
Receive  1,05®  x 0,47®  elliptic 

2533  watts 

Design  7 years 
Operation  5 years 

Uplink  18,3  ./.  18,7  GHz 
Downlink  11,7./.  12,1  GHz 

Uplink  RHG 
Downlink  LHC 


EIRP  Channel  N02  65,5  dBw 

6 65,6  dBw 
10  65,6  dBw 
14  65,7  dBw 
18  65,7  dBw 


Cross  Polar  Component 

Relative  Angle 

Relative  Gain 

X - 0 / 00 

Grg 

(dB) 

0 6 X^0,33 

-40 

vl+log/x-11) 

• 

0,33ix  61,67 

-33 

l,67i:X 

-40 

(1+log/x-ll) 

Transfer  Orbit  Mass  1600  Kg 
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TflBIE  3-12 


TV-SAT  A3  SYSTEM  CH/IBAC 


imcs 


t 


Payload 


3+2  (spare)  Channels  with  260  W TWTA  s. 
Separate  Transmit  and  Receive  Antennas 

Total  Mass 

Power  Requirement 

Reliability  (5  years) 


>acecra£t 


Power  BoM/EoM  5 y 
System  Reliability  (5  y) 

Bus  Reliability  (10  y) 

Payload  Module  Mass 
Service  Module  Mass 
Propulsion  Module  Mass 

Propellant  for  Transfer,  Apogee  Maneuver  and 
Acquisition  ARIANE : 693  kg, 

Propellants  for  Attitude  and  Orbit  Control 

Mercury  for  Ion  Thrusters 

Total  Mass  after  Separation  from 

ARIANE 

SHUTTLE  + SSUS-A 
Total  Length  with  Extended  Arrays 


3.  Subsystems 


167.3  kg 
2238  Watt 
0.930 


3400/2850  W 
0.837 
0.800 

280.0  kg 

300.0  kg 

210.0  kg 


SHUTTLE:  825.0  kg 

95  (max.  150)  kg 
10.0  kg 


1712.0  kg 

1880.0  kg 
19.25  m 


Antenna  System  with  Two  Deployable  CFC  Dishes  and 
Central  Tower 

Repeater  with  5 TWTA's  of  260  U 
Power  Subsystem  (50  V bus) 

ULP  Solar  Array 

Array  Drive  Assembly  (BAPTA) 

Data  System  (TT&C,  Data  Handling) 

Attitude/Orbit  Measurement  & Control 

Unified  Propulsion  System 

RlTA-1  Electrical  Thruster  Package  (2) 

Structure  (Excl.  Adapter) 

Thermal  Control  Hardware 
Bus  Harness,  Pyrotechnics 

Balance  Mass,  Miscellaneous  5.0 


56.7  kg 
110.7  kg 

59.5  kg 

93.5  kg 

14.4  kg 
24.9  kg 

48.5  kg 

91.5  kg 
3'.. 6 kg 

l/f4.7  kg 

63.5  kg 
26.4  kg 

(A)  to  30  (S)  kg 
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lABLE  3 <12 

TV -SAT  A3  SYSTEM  CHABACTERISTICS  (Continued) 


4.  Electrical 


Antenna  Gain 
EIRP 

Received  Power  Flux  Density  (Edge  Coverage) 


40.6  dB 
62.5  dBw 
104  dBv/m^ 


S.  The  Legal  and  Administrative  Basis  for  TVBS  in  Europe  had  been 

created  by  the  WARC-77  in  Geneva,  allocating  5 channels  to  each  country 
in  Europe  and  defining  the  antenna  oeams  and  main  parameters.  For 
Germany  these  parameters  are  as  follows: 


TV  Channels 

Polarization 

EIRP 

Antenna  Beam 
Satellite  Position 


2,  6,  10,  14,  18  (11.7-12.5  GHz-Band) 
Left-Hand 

65.5  dBw  (260  W TWTA  Output) 

0.72  X 162  deg. 

19°  West  (+  0.1) 
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Figure  3-9  indicetes  the  entenne  coverage  to  be  served  by  the  Gennen 
TV-SAT  end  shows  the  various  -103  dW/M^  contours  as  viewed  from  orbital 
position  19°  west  for  beam  pointing  errors  from  0 to  0.1  . 

3.6.3  French  TV- SAT. 

In  1979,  France  started  the  process  of  building  a domestic  communication 
satellite  TELECOM,  with  transponders  in  C-band  and  X-band.  This  satellite  is 
being  built  by  l^TRA  with  Thoms on- CSF  responsible  for  the  transponders. 

After  the  announcement  of  the  start  of  the  German  TV- SAT  France  also, 
in  October  1979,  indicated  that  it  intended  to  build  a French  broadcasting 
satellite  to  serve  French  interests.  The  early  details  and  system  aspects  of 
this  satellite  were  announced  by  J.  Amaud,  Telediffusion  de  France,  and 
C.  Derieux  and  A.  Pouzet  of  CNES  at  the  1980  AIAA  8th  Communication  Satellite 
Systems  Conference  in  Orlando,  Florida,  in  April  1980. 

The  satellite  design  is  a 12  GHz  3-axis  body- stabilized  satellite  which 
is  very  close  to  that  of  the  German  TV-SAT  and  indeed,  one  could  expect  close 
cooperation  and  therefore  similarity  in  building  both  satellites.  Its  structure 
is  that  shown  in  Figure  3-10  and  its  footprint  coverage,  following  the  WARC-77 
allocations.  In  its  initial  design  phase,  it  is  designed  as  a 3-channel  satel- 
lite (1900  Kg)  to  be  launched  on  ARIANE  1,  or  a 5- channel  satellite  (2300  Kg) 
to  be  launched  on  ARIANE  3. 

Early  design  considerations  indicate  the  use  of  the  WARC-77  approved  EIRP  s 
in  the  64  dBW  range;  however,  it  will  use  special  230  watt  IWTA  developed  by 
Thomson-CSF,  with  groups  of  two  IWTA  combined  by  a T-Circuit  to  produce  a 
power  output  of  350  watts  per  channel.  It  will  carry  10  WTA  Including  spares. 

The  French  broadcasting  satellite  will  use  the  up-link  frequency  of  17.3- 
18.1  GHz,  will  be  pointed  with  an  accuracy  of  +0.05°,  and  will  operate  into  small 
1-meter  TVRO  antennas  as  specified  by  WARC-77. 
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original  PA32 
OF  POOR  QUALITY 


View  from 


Orbital  Position 
19°  West 


OF 


PA^“ 
Qt'AlirV 


Capacity  

End  of  life 
power  of  so- 
1 argenerator 


FRENCH  SATELLITE 
Preoperational  Operatfonal 
3 TV  channels  5 TV  channels] 


3,9  KW 


5.8  KW 


CERMAN  SATELLITE 
Preop€rat1onal  Operational 
3 TV  channels  5 TV  channels 


3,2  KW 


5.2  KW 
(including 
EPS  needs) 


FRENCH  COVERAGE 


"60A” 


3.6.4  NORDSAT  Regional  Satcom  and  Broadcait  Sy»t«in. 

Th«  Nordic  countries,  Denmark,  Finland,  Iceland,  Norway  and  Sweden,  hava 
at  present  a total  of  seven  TV  programs  and  ten  radio  programs.  However,  none 
of  the  five  countries  has  more  than  two  national  programs  and  except  for  very 
limited  spillover,  there  Is  at  present  uo  access  by  one  Nordic  country  to  the 
programs  of  the  neighboring  Nordic  countries.  There  are  mainly  three  technical 
means  to  expand  the  national  broadcasting  distribution  to  a Nordic  coverage  as 
described  by  L.  Anderson  of  the  Swedish  Space  Corporation  at  the  AIAA  7th 
Satellite  Systems  Conference  In  San  Diego  in  April  1978. 

o A cable  system  would  be  theoretically  feasible.  The  obstacle  is  the 
cost  and  the  time  to  reach  an  acceptable  coverage  which  Is  considered 
to  be  937..  The  cost  for  a 6-channel  cable  system  In  Sweden  has  been 
calculated  by  the  Teleconnunlcatlon  Administration  to  an  Investment  of 
3500  M US  dollars.  The  time  needed  to  reach  a 987.  coverage  Is  estimated 
to  be  30  years,  as  a vast  land  area  is  thinly  populated, 
o Another  possibility  could  be  the  establishment  of  new  networks  of 
ground- transmitters.  However,  a serious  constraint  is  that  the  WARC 
fre<iuency  regulations  limit  the  number  of  TV  channels  to  4,  which  is 
Insufficient  for  a total  exchange  of  even  the  present  Nordic  programs, 
o The  third  possibility  Is  to  use  direct  broadcasting  satellites.  The 
Swedish  Space  Corporation's  Feasibility  Study  shows  that  a DBS  system 
1_5  the  superior  solution  for  making  available  all  Nordic  TV  and  radio 
programs  to  all  Nordic  households.  Some  of  the  advantages  are; 

- Almost  1007.  coverage  from  the  start  of  the  new  service. 

- Onl jT  4 to  5 years  needed  to  Implement  the  direct  broadcasting 
service  after  project  go-ahead. 


•6  !• 


“ cost  compsrsd  to  othsr  solutions  to  provlds  ths  sasm  ssrvlcs* 

An  investnsnt  of  160  M US  dollars  will  glvs  an  8-channsl  DBS 
systam  with  Nordic  coveraga. 

A faature  of  NORDSAT  which  is  reflactad  in  most  raglonal  systams  which 
actually  cannot  amploy  INTELSAT  laasad  channals,  is  tha  usa  of  high  satalllta 
EIRP  which  results  in  tha  practical  usa  of  I0~niatar  reflector  receivers  leading 
to  very  low  cost  receiving  stations  for  TV,  as  compared  to  tha  need  for  at  least 
4.5  meter  diaraeter  antennas  for  use  with  INTELSAT- IVA  or  INTELSAT-V  channels. 
NORDSAT  system  summary  is  given  in  Table  21. 

A view  of  the  ultimate  decision  with  regard  to  NORDSAT  was  given  by 
Jan  Nyheim  of  the  Norwegian  NRK  in  April  1978  Satellite  Communications,  when  ha 
conanented  "when  will  it  be  possible  to  have  an  operational  Nordic  satellite 
broadcasting  system?  There  are  no  authoritative  timetables  availsble.  If  a 
Nordic  Council  "yes"  is  given  in  1980,  when  more  Information  will  be  available, 
this  still  "only"  amounts  to  a recomnendatlon  directed  to  the  national  governments. 
If  the  Nordic  governments  agree,  the  different  problems  outlined  might  be 
attached  and  solved  during  the  early  1980's.  The  broadcasting  equipment  in  the 
space  segment  nay  then  be  specified.  Allowing  a few  years  for  systems  testing, 
it  would  not  be  until  the  late  1980' s for  a satellite  system  to  become  opera- 
tional, and  it  may  easily  be  delayed  beyond  that.  Thus,  I believe  that  a 
NORDSAT  system  will  not  be  operational  before  circa  1990".  The  political  im- 
plications of  this  regional  system  will  eventually  govern  the  future  of  IK)RDSAT 
over  the  technological  questions  involved. 

The  characteristics  of  NORDSAT  as  conceived  in  1979,  are  listed  in  Table 
3-13.  It  will  use  450  watt  TWTA  in  each  of  four  TV  broadcast  channels  at  12  GHi: 
and  a 200  watt  1WTA  in  a channel  for  IceUnd.  Its  initial  design  concept  follows 
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ORIGINAL  PAGE  IS 
OF  POOR  QUALITY 


TABI£  3-13 

NOBDflAT  SYSTEM  SU>WARY 


• COMMUNICATION  SERVICES  STARTING  U 1983 

- PREOPERATIONAL  PHASE:  4 NORDIC  CHANNELS,  I ICELANDIC  CHANNEL 

- OPERATIONAL  PHASE;  8 NORDIC  CHANNELS,  2 ICELANDIC  CHANNELS 

- DIRECT  BROADCASTING  TO  DENMARK,  FINLAND,  NORWAY,  SWEDEN  AIJD  ICELAND 

- SEMI -DIRECT  BROADCASTING  TO  GREENLAND 

- TELEPHONY  AND  DATA  TRANSMISSION 


• DJUMBER  OF  SATELLITES 

1 SATELLITE  IN  THE  PREOPEPATIONAL  PHASE  SUCCESSIVELY  EXPANDING  TO  3 IN  THE 
OPERATIONAL  PHASE  WITH  2 OPERATIONAL  AM)  I SPARE  IN  ORBIT. 


• SAULLITE 
ON- STATION  MASS 

- COMMUNICATIONS  PAYLOAD 
NCRDIC  COVERAGE 

ICELANDIC  COVERS 
lELEPEONY  TRANSPONDERS 
ANTENNA  POINTING 

- platfcr;^ 

ATTITUDE  CONTROL 
ELECTRICAL  POWER 
THERMAL  CONTROL 


950  kg 

4 CHANNELS 
450  W/CFANl^Ei. 

I CHANNEL,  200  W 

20  W/TRANSPONDER 

■<0.05® 

THREE  AXIS  STABILIZATION 

5.4  kW  SOLAR  ARRAY 

VARIABLE  CONDUCTANCE  ^ 
HEAT  PIPE  RADIATORS,  8m‘ 


• TR.YNSMITTING  STATIONS 

ONE  MAIN  STATION  PER  COUNTRY  FOR  DENMARK,  FINLAND,  NORWAY,  SWEDEN  AND  ICELAND 


• INDI\^DUAL  RECEIVERS 


EFFECTIVE  G/T 
ANTENNA  DIA^EIER 


26  dB/K 
^0.9  m 


chat  of  cha  Carman  TV-SAT  and  ESA's  L-SAT  and  it  will  no  doubt  conform  closely 
CO  European  design  concepts  and  use  European  technology  where  pcsslble. 

3.6.5  ITALSAT. 

Following  the  successful  experiasntal  use  of  SIRO  (uplink  18  GHz»  downlink 
11  GHz),  Italy  has  now  started  consc.ructlon  of  a unique  satellite  using  the 
20/30  GHz  frequencies  for  television  distribution.  It  is  presently  conceived 
as  producing  up  to  17  spot  beams  into  principal  Italian  areas,  and  while  not  a 
broadcasting  satellite  in  the  WARC-77  sense,  its  role  as  a TV-distribution 
satellite  will  inaugurate  the  use  of  these  frequencies  in  Europe  for  TV-use  and 
no  doubt  influence  many  future  designs  including  the  present  design  considera- 
tion of  L-SAT  which  will  include  a 20/30  GHz  payload. 

ITALSAT  will  use  20  watt  18  GHz  TWTA  nside  by  Hughes  EDD  of  Torrance, 
California,  who  aiede  Che  10  watt  TWT  mode  for  SIRIO  and  the  4 watt  18  GHz  'iWTA 
mode  for  Japan  CS. 

3.7  USSR. 

The  first  practice'  utilization  of  Earth  artificial  satellites  for  broad- 
casting television  progrtms  to  TV  transmitting  earth  stations  started  in  the 
USSR  in  1967  when  a T7  distribution  system  consisting  of  "Molnya-1"  communica- 
tion satellites  and  20  TV  receiving  stations  of  "Orbita"  type  was  Introduced. 
The  system  extended  the  TV  coverage  of  the  population  by  20  million  people. 
During  the  years  that  followed  "Orbita"  and  then  "Orbita-2"  stations  were 
continued  to  be  rapidly  constructed  in  the  most  remote  regions  of  the  country. 
Presently  "Orbita  -2"  stations  are  not  only  located  in  big  cities  such  as 
Novosibirsk,  Khabarovsk,  Vladivostok  but  used  in  relatively  small  locations  as 
Uray,  Kirensk,  etc.  Altogether  arore  than  70  stations  were  built  and  brought 
into  service. 
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However,  the  construction  of  "Orbite"  stations  is  economically  justified 
only  in  locations  with  high  density  of  population.  The  further  development  of 
television  broadcasting  networks  in  regions  with  low  population  density  cannot, 
therefore,  be  based  on  the  construction  of  new  stations  of  this  type. 

A deiMind  aroi»e  to  simplify  and  to  reduce  the  cost  of  receiving  stations 
in  order  that  they  could  be  available  for  the  use  in  remote  locations  such  as 
Siberia.  It  was  obvious  too,  that  the  power  radiated  by  the  space  station 
should  be  increased.  The  demand  was  satisfied  by  developing  "Ekran"  satellite 
system  for  television  broadcasting. 

The  "Ekran"  satellite  shown  in  Figure  3-12  and  tailed  Statsionar-T  was 
launched  in  the  geostationary  orbit  at  99°  E on  October  26,  1976.  Its  service 
area.  Figure  3-13,  is  more  than  9 million  square  kilometers  (about  407.  of  the 
whole  ;erritory  of  :He  USSR)  and  it  includes  some  regions  of  Siberia,  the 
Extreme  North  ai^:,  partly,  of  the  Far  East  (see  Figure  3-14).  When  the  "Ekran" 
satellite  was  launched,  60  receiving  stations  were  established  in  its  service 
area  and  by  the  end  of  1980  their  number  will  exceed  one  thousand. 

As  shown,  the  STATSI0N4R-T  is  a large  3-axis  stabilized  satellite  using 
a giant  phased  array  of  96  helical  spiral  antennas  as  the  antenna  system. 

The  satellite  transmitter  operates  at  the  central  frequency  of  714  MHz 
and  uses  a Klystron  which  has  the  power  of  200  Watts  at  the  antenna  input. 

Antenna  gain  is  33.5  dS. 

Ih.  reMlvlng  •y»tra  p.r.tw>t.rT  have  to  provide  for  the  reception  of  e 
given  quality  at  the  edge  of  the  ser-;lce  area  whan  the  field  .trength  U 
29  pv/o  and  the  wtelllt.  antenna  gain  to  the  edge  of  the  .ervlce  area  1. 

26  The  power  flux  den.lty  on  the  earth’,  wrface  at  the  tdg.  of  the  service 

2 * 

area  is  -116.5  d^/tn  . 
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Figure  3-12.  STATS I0NA.R-T 
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There  ere  two  types  of  receivers:  the  first  and  the  second  class.  The 

first  class  receivers  are  designed  to  broadcast  programs  to  local  TV  centers 
located  in  relatively  big  locations  while  the  second  class  receivers  are 
connected  to  low  power  TV  repeater  stations  or  to  cable  distribution  networks 
in  small  locations. 

The  basic  parameters  of  the  "Ekran"  system  are  listed  in  Table  3>14. 

Signals  are  transmitted  to  the  Statsionar>T  transponder  from  a transmit' 
ting  earth  station  near  Moscow.  Video  and  sound  signals  are  fed  to  the  station 

m 

by  the  radio-relay  link  from  the  all-Union  TV  center  in  Ostankino.  The  station 
is  equipped  by  a 5 Id/  transmitter  operating  at  6200  MHz  and  by  a transmitting 
parabolic  antenna  of  12  m in  diameter. 

A first  class  receiving  installation  with  an  input  parametric  amplifier 
is  used  for  reference.  Ihe  parametric  amplifier  is  uncooled,  of  a regenerative 
type  with  the  noise  temperature  of  about  80  K.  The  signal  level  at  the  IF 
amplifier  output  serves  as  a criterion  of  the  transmitting  antenna  pointing 
accuracy. 

The  standard  first  class  receiving  installation,  however,  contains  two 
identical  FM  receivers,  one  of  which  is  operating  and  the  other  is  back-up, 
the  power  to  each  being  supplied  from  a separate  12.6  V rectifier.  A low-nolse 
transistorized  amplifier  with  the  noise  temperature  of  450  K and  the  gain  of 
18  dB  is  at  the  input  of  each  receiver.  The  output  of  the  transistor  amplifier 
is  then  frequency  converted  o a 70  MHz  IF  amplifier.  Following  the  frequency 
detector  a video  signal  is  amplified  to  the  1 V standard  in  a video  amplifier 
while  the  6.5  MHz  subcarrier  signal  is  demodulated  in  a separate  unit  which 
produces  a sound  signal  at  its  output. 

The  first  class  installation  uses  an  18  Yagi  element  antenna  array  shnwn 
in  Figure  3-14,  and  is  designed  to  be  connected  with  a local  TV  center  or  a high 
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TABLE  3-14 

EKRAN  "SIATSIONAR-T”  BROADCASTING  SATELLITE 


A.  ETth-co’Space  Characteristics 

Frequency  Range 
Bandwidth 

Transmitting  Antenna  Gain 
Maximum  Transmitted  Power 
Receiving  Antenna  Gain 

Noise  Temperature  of  Receiving  Space  Station 
Location  of  Earth  Terminal 

B.  Space  Station:  Statsionar  T 
Launch  Date 

Geostationary  Orbit  Location  Coordinates 
Initial  Orbital  and  Space  Station  Data: 

Altitude  of  Apogee 
Altitude  of  Perigee 
Inclination  * 

Period 

Frequency  Range 
Bandwidth 
Klystron  Power 

Transmitting  Antenna  Gain  on  Satellite: 

Maximum 

To  the  Edge  of  the  Service  Area 

C.  Receiving  Earth  Terminal  Characteristics  - Space 

Receiving  Earth  Station  Gain: 

The  1st  Class  Station 
The  2nd  Class  Station 
Receiving  Antenna  Angular  Width: 

The  1st  Class  Station 

The  2nd  Class  Station 

Receiving  Station  Feeder  Losses 

Receiving  Station  Equivalent  Noise  Temperature 

Output  Receiver  Power: 

The  1st  Class 
The  2nd  Class 

Noise  Power  at  Receiver  Input: 

The  1st  Class 
The  2nd  Class 

Video  Signal  to  Weighted  Noise  Strength 
Ratio  at  Receiver  Output: 

The  1st  Class 
The  2nd  Class 

Signal -tO'Nolse  Ratio  in  the  Sound 
Channel  at  Receiver  Output: 

The  1st  Class 
The  2nd  Class 


SYSTEM 


6200  MHz 
24. 10^  kHz 
55  dB 
5 kw 
19  dB 
3000°K 

Gus  - Khrustalnys 


Oct.  26,  1976 
99°E  0°N 

35,600  km 
35,600  km 
0.3° 

23  h 56  m 
714  MHz 

24  MHz 
200  Watts 

33.5  dB 

29  mV,  -116.5  dBW/m*^ 
to-Earth  Terminus 


30  dB 
23  dB 

4.5°  X 2.5° 
9°  X 9° 

1 dB 
800  K 

-106  dBw 
-113  dBw 

20.8  dB 

13.8  dB 


55  dB 
48  dB 


56  uB 
49  dB 
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power  repoeter  which  hee  video  end  loond  moduletor.  end  eceordlhgly  the  receiver 

has  two  outputs  - for  a video  and  a sound  signal. 

The  second  class  receiver  antenna  is  e cophased  array  made  of  four  ' 

Yagi  antennas  used  for  the  first  class  receiver. 

3.8  Others . 

other  c«htrles  of  the  world  ere  certain  to  join  the  superpowers  of 
space  to  provide  direct  broadcasting  from  space  eccordlng  to  the  planning  set 
forth  by«ARC-77.  Because  of  the  growing  need  for  domestic  telephony  channels 
a logical  concluslor  woul'd  be  for  a country  to  acquire  a satellite  having  both 
TV-channel  at  Ku-band  or  S-band,  and  telephony  channels  at  C-band  or  at  lower 
Ku-bend.  However,  the  principle  of  aprlorl- planning  adopted  at  VIA.RC-77  makes  It 
unlikely  that  any  country  with  pre-asslgned  orbital  slots  at  Ku-bend  for  TV 
broadcast,  will  be  able  to  get  to  asalgnnent  to  the  same  slot  In  C-band  due  to 
the  present  orbital  crowding  at  the  3. 7-4. 2 GHz  fre<piencle..  Also,  the  enormous 
dc  power  needed  to  power  the  TV  channel  power  empllllers  limit  the  C-band 
capability  (If  possible)  unless  an  Intelsat-V  bus  Is  used. 

The  interest  In  TV-broadcast  from  space  continues  to  rise  worldwide  and 
following  paragraphs  will  summarize  recent  disclosures  by  Peoples  Republic  of 
China  (PRC),  Australia,  the  Arab  countries,  and  Comsat  General  (USA). 

3.8.1  PRC. 

The  Chinese  Communications  Satellite  System  will  consist  of  two  satellites 
01.  orbit,  and  a spare  on  the  ground  plus  a pilot  number  of  two  kinds  of  ground 
stations.  A brief  suimary  of  the  satellite  specifications,  as  told  to  an 

AIAA  delegation  in  December  1979,  is  as  follows: 

o the  satellites  will  be  principally  uaed  at  Ku  band  for  broadcast  purpose, 
with  two  channels  of  color  TV  using  PH.  These  channels  may  be  used 
sequentially  to  cover  two  different  time  zones; 
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o three  TV  voice  channels  will  be  used  (again,  sequentially  used  for 
two  different  time  zones) ; 

o there  may  be  a two-beam  usage  requirement  for  the  TV  services; 

o PRC  will  require  more  than  3,000  simplex  telephone  voice  circuits 
at  C-band  (probably  6,000  circuits); 

o PRC  will  use  twenty  to  thirty  10-meter  reflector  earth  terminals  for 
telephone  circuits,  and  more  than  2,000  1.8-meter  reflector  TV, 
receive  only,  earth  terminals; 

o the  launch  will  be  required  30-36  months  ARO;  Shuttle/Delta  compatible; 

o the  satellite  life  requirement  is  5-7  3rears; 

o the  grcTwth  potential  is  a critical  criterion. 

CHISAT/CAST*  will  procure  and  operate  the  satellites.  Ground  stations  may 
be  procured  and  operated  by  users,  the  PTT  and  the  Broadcast  Bureau. 

The  PTT  is  studying  the  leasing  possibility  of  Intelsat  Ind/an  Ocean 
channels  as  an  interim  meastire. 

In  parallel,  the  Chinese  are  building  an  indigenous  experimental  satellite 
for  launch  in  1981  on  "The  Long  March- III  Launch  Vehicle".  This  satellite  will 
be  used  to  develop  ground  networks  for  their  operational  system.  Long  March- III 
is  their  present  launch  vehicle  (analogous  to  U.S.  Titan-II)  which  is  two-stage 
ULMH/Nitrogen  Tetroxlde.  There  is  a third  stage,  LHj/LOX,  currently  under 
development.  With  thit  third  stage.  Long  March- III  may  have  greater  capability 
than  Ariane  and  will  be  operational  in  1981. 

The  PRC  presently  is  using  a 3-meter  antenna  at  the  earth  station  in 
»njing  to  pick  up  broadcast  from  the  Japanese  Broadcast  satellite;  and  now 

’'CHISA'J  is  the  Chinese  Communication  Satellite  Corporation,  and  CAST  is  the 
Chinese  Acaden^  of  Space  Technology. 
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hav.  a l.8-«atar  antanna  undar  davalopmant  d • act  broadcaat  applleaeiona. 

3.8.2  Australia. 

Australia  has  issued  a Tender  in  1981  to  various  broadcast  satellita  manu- 
facturers for  a satellite  to  provide  telephony  and  also  broadcast  television 
to  both  metropolitan  areas  and  the  vast  range,  desert,  and  out-back  areas  of 
Australia  and  New  Guinea.  Prior  to  issuing  this  Tender,  Australia  sought 
guidance  from  Canada,  and  will  use  the  lower-power  Ku-band  broadcasting 
satellite  approach  (EIRP  < 50  dbw)  similar  to  that  used  with  ANIK-B.  This 
satellite  will  provide  not  only  fixed  satellite  services  on  a continental 
average  beam  with  an  EIRP  of  36  dbw.  but  also  will  use  five  spot  beams  which 
can  be  switched  between  fixed  satellite  service  and  homestead  and  community 
broadcaat  satellite  service  (HACBSS) . the  latter  with  an  EIRP  of  47  dbw  (using 

30  watt  T\JT's)  . 

3.8.3  Arab sat. 

Arabsat  will  provide  the  Arab  countries  with  community  service  TV-Broadcast 
services  using  a transponder  with  an  EIRP  of  42  dbw  at  2.56  GHz.  This  service 
is  in  addition  to  24  channels  of  fixed  satellite  service  at  C-band. 

3.8.4  Satellite  Television  Corporation  (Comsat), 

Comsat  General's  subsidiary.  Satellite  Tsievisien  t.Ci  . lied 

to  the  FCC  for  permission  to  broadcast  satellites  into  orbit. 

will  operate  at  15/12  one  for  each  time  zone.  Each  satellite  will  proviae 

3 channels  with  Eiru*  in  the  range  55.3-57.9  dbw,  will  use  a i85  watt  TWT  in 
each  channel,  and  will  use  an  uplink  at  17.3-18  GHz.  The  ground  terminals  will 
use  antennas  less  than  1-meter  in  diameter  and  cost  less  than  $300  each. 
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4.0  SYSTEM  CONSIDESATIONS  IN  SATELLITE  BROADCASTING 

4. 1 Televiaton  Links  of  Broadcast  Satellites. 

By  th«  tlM  telavUion  aatelUte  broadcaatlag  waa  flrat  conaldarad  and 

than  given  syatam  guldallnaa  by  atudy  group  10/U  B of  the  COIR.  Calavlaion 
broadcaatlng  on  a tarraatrlal  baala  «a  already  a raatura  art.  Ihraa  different 
televiaton  systeoia  are  now  in  use;  NTSC  in  the  C.S.,  Canada,  and  Japan;  PAl 
in  noat  of  Europe  other  than  France,  and  SECBM  which  ta  uaed  in  France  and  in 

the  USSR. 

Accordingly,  televiaton  raclve  naage  and  nanufacture  la  worldwide,  and 
televiaton  atandardo  and  channel  req-airementt  have  been  in  uae  for  many  yeara. 

Terreacrial  aatelUte  broadcaatlng  uaes  vestigial  side-band  modulation 
for  the  video  portion  of  the  signal  and  either  FM  (NTSC)  or  AM  (SECAM  for  the 
audio  portion  depending  on  the  system  uaed.  The  O.S.  and  Canada  and  Japan 
use  525-llne  systems  (Region  2)  while  625-line  systems  are  used  in  Region  1 

and  most  of  Region  3. 

in  television  broadcaatlng  by  satellites,  as  indeed  in  terrestrial  radio 
relay  systems,  video  is  transmitted  using  FM.  with  the  .Audio,  also  on  FM. 
usually  transmitted  on  a separate  carrier.  In  some  system,  the  audio  is  digi- 
tized onto  PCI  and  included  in  the  fly-beck  period  of  the  video  signal.  The 
use  of  FM  as  a modulation  techniTJe,  of  course,  provides  a carrier  with  relative- 
ly constant  amplitude  which  can  pass  through  a non-linear  amplifier  such  as  a 
traveling  wav.  tube  with  minimum  or  no  distortion  Incurred  due  to  AM-to-PM 

conversion. 

The  key  syst«»  parameters  of  a broadcast  satellite  system  required  for 
operating  at  a CCIR  specified  q-jality  Include  the  folliwlng: 
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0 Channel  bandwidth 

0 Down-link  budgets  based  on  satellite  EIRP,  power  flux  density, 
and  earth  terminal  G/T 

o Carrler-to-nolse  ratio  (C/N)  in  the  radio  frequency  bandwidth 

0 Ratio  of  peak-to-peak  luminance  amplitude  to  weighted  RMS  noise 
(S/N)  or  slgnal-to-noise  ratio  (SNR) 

0 Subjective  viewer  preferences 

Typical  service  characteristics  are  listed  in  Table  4-1  - which  includes 
the  threshold  CNR  or  bit  error  rate  for  each. 

The  system  S/N  or  SNR  is  related  to  C/N  as  indicated  in  Figure  4-1  and 
a threshold  is  established  which  is  related  to  system  link  margin.  Figure  4-1 
illustrates  typical  curves  for  EM  modulation  deviations  of  6 MHz  and  12  MHz 
and  static  and  dynamic  threshold.  The  static  threshold  is  a convenient  one 
to  use  since  it  is  easily  measured.  It  is  defined  as  the  1 dB  departure  from 
linearity  in  the  absence  of  video  modulation.  In  the  presence  of  video  modu- 
lation, an  additional  flat  noise  component  is  added  that  raises  the  threshold 
to  a dynamic  value  more  appropriate  to  the  actual  sittiatlon.  The  difference 

between  the  two  is  above  1.5  dB  in  C/N^. 

The  curves  given  on  Figure  4-1  also  reflect  the  fact  that  above  threshold 
the  noise  has  mainly  a triangular  spectral  density,  while  well  below  threshold 
it  is  flat.  This  results  in  a variation  in  Improvement  due  to  low  pass  filter- 
ing, de-emphasis,  and  noise  weighting  at  and  below  threshold.  The  improvement 
decreases  from  a theoretical  value  of  13.3  dB  above  threshold,  to  3.5  dB  at 
threshold,  and  3 dB  well  below  threshold. 

Figure  4-1  is  plotted  using  C/N^  rather  than  C/N  (carrier- to-nolse  ratio) 
sinc2  this  more  easily  allows  a number  of  conclusions  to  be  reached  regarding 
the  tradeoff  between  EIRP  and  3/T,  namely: 
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•^ABLE  4-  I 

Service  Characteristics 




— — 

Pro tectlon 

Threshold 

SNR  dU^^^ 

Baseband 

Mode 

Bandwidth 

CNR 

or 

MHz 

dB 

Equivalent 

TV  Teleconferencing 

4.2  MHz/15  KHz 

22 

12 

40.2 

A 

TV  Teleconferencing 

6 1‘ibps 

QPSK^^' 

9 

9. 1 

BER  = 10 

(Comf'ressed  TV) 

1 

Audio/Fax  Teleconferency 

128  Kbps 

QPSK 

.077 

9.1 

BER  * 10 

Multiplexed  Data/Voice 

763  Kbps 

QPSK^^^ 

.922 

9.1 

BER  = 10“ 

TV  Broadcast 

4.2  MHz/15  KHz 

22 

12 

40.2 

Ty  Distribution 

4.2  MHz/15  KHz 

FM<'> 

32 

12 

50.6 

Radio  Distribution 

15  KHz 

FMFB^^^ 

.24 

7 

46 

TV  Distribution  (compressed) 

6 Mbps 

qpsk‘’> 

9 

9.1 

BER  = lO"^ 

Radio  Broadcast 

b KHz 

FH«> 

0. 1 

7 

40 

Land  Mobile 

Toll  quality 
3. 1 KHz 

QPSK  or 

fm(^) 

0.02 

. 

7 

43 

(1)  Test  tone  to  noise  ratio. 


(2)  Emphasis. 


(3)  Rate  1/2  convolutional  code.  (4)  Emphasis  & 

Compending. 
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^ m 

c/Ma  m Ha 


CurvM  of  SI®v  VI.  C/Nq  for  FM. 
Figure  4- I 


PACE'S 

"fpOOR 


a)  The  level  at  which  FM  threthold  occurs  decreaaea  with  decreasing 
deviatloa. 

b)  For  a given  re<tuired  SNR^,  a minimum  C/N^  (and,  hence,  EIRP  and/or 
G/T)  is  achieved  with  operation  near  threahold. 

c)  Tor  optfClon  at  a gtvao  margin  abova  thraihoW  at  a pra.crlbad  SHR,. 
that,  la  a apaolfU  vldao  davtatlon  and  C/N^  that  will  allow  optimum 

tradeoff  between  EIRP  and  C/T. 

Iha  picture  algnal-to-walghted  conriououa  nolaa  ratio  of  56.8  dB  (p-p/RJlS) 
la  allocated  for  a single  aatalllte  llnlc,  of  which  a noloe  allocation  of  57.0  dB 
(p-p,'8MS)  waa  made  for  the  up- link,  satellite  and  down-path,  thermal  noleea 
and  an  additional  70.0  dB  (p-p/B-'B)  la  for  Interference  from  other  coamamlcattona 

system  and  basic  noise  of  earth  station  equipment. 

The  picture  signal- to-welght.d  continuous  random  noise  ratio  can  be  ex- 
pressed by  the  following  eq-aatlons  for  respective  audio  transmission  schemas. 

In  the  single-channel-per-carrler  system,  a separate  RF  carrier  is  used 
for  each  audio  channel  and  carried  through  a single  transponder  separated  from 
Che  video  transponder.  Therefore,  the  full  transponder  bandwidth  can  be  allo- 
cated for  the  transmission  of  a TV  video  RF  carrier. 

C/N,  m 10  lo«  - v:^ 

^ cv 

When  the  FM  audio  subcarrier  is  added  to  the  video  signal  carrier,  the 
baseband  freq-aency  range  becomes  wider,  which  makes  the  frequency  dr'- nation  of 
the  TV  picture  signal  smaller  with  a certain  satellite  transponder  band-vldth, 
or  the  satellite  bandwidth  wider  with  a certain  picture  q-oalitv. 


S/ 


3 . fo,7  (d  - 2fs  -jF?n-r)}  " • 3 . ,.7 
= c,  N’  ^ 10  log  - — ' ^ y — = — % 


cv 
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a.  C/Nv 

m 

carrier- to-noise  ratio  (dB) 

b.  S/Nv 

m 

picture  signal- to-weighted  continuous  random  noise  ratio 
(dB  p-p/RMS) 

c.  3 

m 

satellite  transponder  >'andwidth  (MHz) 

‘cv 

m 

maximum  fre^jency  of  video  signal  (MHz) 

e.  fs 

- 

audio  subcarrier  frequency  (MHz) 

f.  .^dFsp-p 

* 

frequency  deviation  of  RF  carrier  produced  by  subcarrier 
(Mhz,  P“P). 

g- 

m 

weighting  factor  for  pre-emphasized  TV  picture  signal- 
to-continuou3  random  FM  (triangular)  noise  ratio  (12.8  dB) 

The  CCIR  standard  for  a 525  line  color  TV  system  is  defined  in  terms  of 

the  peak-to»peak  blanking- to-white  signal  and  the  rms  noise: 

SNR  * Peak-to-peak  blanking- to-white  signal  = 56  dB  (1) 

rms  noise 

This  signal  is  9 dB  higher  than  the.  rms  test  tone  of  same  peak-to-peak  ex- 
cursion; thus 

SNR,  rms  signal/rms  noise  = 56-9  » 47  dD  (2) 

The  recc-’.ver  generally  uses  a weighting  network;  typical  improvement  due 
to  the  weighting  filters  is  10.2  dB,  leading  to 

SNR,  unweighted,  rms  signal/rms  noise  = 56-9-10.2  * 36.3  dB  (3) 
SoToetimfeS  FM  pre-emphasis  is  used.,  with  an  improvement  of  2.5  to  4 dB;  a 
typical  value  is  2.8  dB  (for  a combined  inprovement  of  13.0  dB  due  to  weighting 
and  pre-emphasis^ . Then 

SNR.  excl.  improvements  of  pre-emph.  » 56-9-13  » 34.0  dB  (4) 
wghtg-,  for  rms  signal/rms  noise  J 

The  SNR  from  (3)  or  (4)  is  used  in  the  FM  equation  (output  of  FM  detector^ : 

SNR  ” 3.m‘'.  (nH-1)  .CNR  = FM  improvem«>nt  + CNR  in  dB  (5) 
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where 


m ■ modulation  Index,  from  B • 2b  (l+o) 


B * RF  bandwidth 

b « baseband  (video)  bandwidth  * 4 MHz 
Examp le : An  FM  system  with  B^O  MHz,  b«4  MHz  has  a modulation  index  of 

40/8  - 1 * 5-1  » 4.  The  IM  improvement  is  3x16x5  ■ 24C,  i.e.,  23.8  d3. 
Using  (4)  with  desired  SNR  of  34  dB,  the  required  CNF  is  34-23.8  * 10.2  dB. 
(The  CNR  threshold  is  approximately  8 to  10  dB) . 

4.1.1  Useful  Relationships  in  Satellite  Link  Carrying  Television 

Tables  4-2  through  4-11  list  many  of  the  link,  parameters  and  relationships, 
and  specifications  for  power  flux  densi^y  and  signal  to  noise  ratio  which  are 
in  use  today. 

4,1.2  Analog  Systems/Link  Budgets^ 

Analog  TV  systems  transmit  the  video  a*id  audio  on  an  FM  Carrier.  In 
this  paragraph,  several  important  link  budgets  of  existing  or  planned  high 
p.m.  broadcast  satellites  are  listed;  Tables  4-12,  4-13,  4-14  and  4-15  list 
the  NORDSAT,  CTS  and  BSE,  and  link  budgets  showing  how  a S/N  or  C/N  is  cal- 
culated given  the  satellite  EIRP,  ground  terminal  G/T  for  EIRP’s  in  the 
60  dbw  range. 

Table  4-16  is  the  link  budget  for  Anik  B which  uses  an  EIRP  of  50  dbw 
to  achieve, with  the  earth  terminal  described  in  Table  4-17,  the  reception 
characteristics  ted  in  Tables  4-18  and  4-19.  Figure  4-2  shows  the  threshold 
for  the  ANIK  B system  for  a 1.2  meter  antenna  to  be  at  least  3.7db  below  the 
S/N»  -,ldb  point. 

Table  4-20  illustrates  the  link  margin  for  a sound  broadcast  for  in- 
dividual reception  (receive  OfT  • 4db> . Note  that  an  3/N  of  56  db  (unweighted) 
is  achieved  as  a result  of  a satellite  EIRP  of  47  dbw  in  a channel  bandwidth  of 
170  KC  (2  X 150  + 2 X 15  KC) • 
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TABLE  4-2 

WARC-77  Bandwidth  and  Guard  Bands  Guidelines 


i 

i 


Necessary  Bandwidth 

- . !5  Line  System:  27  MHz 

- 525  Line  System  in  Region  3:  27  MHz 

- 525  Line  System  M in  Region  2:  18  and  23  MHz 

Guard  Bands 

Assuming  maximum  beam-center  EIRP  » 67  dBW  in  Regions  I,  3,  and 
63  dBW  for  Region  2;  filter  roll-off  - 2 dB/MHz. 

Guard  Band  at  the 
Guard  Band  at  the  Lower  Edge  Upper  Edge  of  the 
Regions of  the  Band  (11.7  GHz)  Band  (12.2/12.5  GH?) 


1 

14 

MHz 

11 

MHz 

2 

12 

MHz 

9 

MHz 

3 

14 

MHz 

11 

MHz 
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TABI£  4-3 


Rtt4utr<J  wiJih  of  '•aJiO’frrqutncy  channtls  I MHz)  for  frtqutncy-modulation  leltvtsiOK  systrmi  '525-ltn* 


Number  of 
sound  channels 

Frequency  (MHz) 

700 

2600 

12  000 

Equivalent  rectangular  bandwidth  of 
receiver  (') 

One 

Ib-22 

16-22 

22-30 

Four 

»-:6 

20-26 

27-33 

Radio-frequency  channel  width  of  satellite 
transmitter  (-) 

One 

i8-:4 

18-24 

■a 

Four 

23-29 

23-29 

30-40 

(')  The  following  equation  can  be  used  to  determine  the  approximate  ^ideo  peak-to-peak  desiation  which  is  applicable; 
B % I I - lU) 

where:  8 : equivalent  rectangular  bandwidth  (MHz) 

i3p_P  : video  peak-to-peak  deviation  (MHz) 

: top  baseband  frequency  including  highest  sound  sub-earner  iMHz). 

I')  Equal  to  the  radio-frequency  channel  spacing. 
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TABI£  4' 


C;.-;  - - 

Or  K . 


..TY 


•i 


Rt^uired  width  of  radio-frrqut'ncy  chaimels  I MHz  I for  frtqutncy~modulaiion  televisioti  i62S‘Iims  systemt) 


Number  of 
sound  channels 

Frequency  (MHz) 

•root*) 

2600 

wm 

Equivalent  rectangular  bandwidth  of 
leceiver  i‘) 

One 

20-22 

20-22 

27(*) 

Four 

24-26 

24-26 

Radio-frequency  channel  width  of  satellite 
transmitter  (•) 

One 

22-23 

B 

25-30  (*) 

Four 

25-28 

23-28 

(')  The  following  equation  can  be  used  lo  determine  ihe  approeimate  video  peak-io>peak  deviation  ^hich  is  applicable: 

B - 11  (o„  * :/,) 

where;  B equivalent  rectangular  bandwidth  ( MHz) 

Df-p  : peak-(o-peak  deviation  at  video-frequencies  (MHz) 

fp  top  baseband  frequency  including  highest  sound  su6<anier  (MHz). 

(')  The  channel  spacing  may  differ  from  the  channel  bandwidth,  depending  on  the  value  chosen  for  the  adjacem-chaonel 
protection  ratio. 

(*)  These  determinations  are  tentative  and  require  funher  study. 

(*)  Correspwnds  to  a frequency  deviation  of  13  MHz  V.  and  distortion  introduced  by  the  loceiver  equal  to  10'  for  the 
diiTereniial  phase  and  1 3 for  the  dilfereniial  gam.  with  a lilier  having  a sharp  cut  off  (6  poles),  and  with  a sound  suS 
carrier  producing  a deviation  of  z-  S MHz  of  the  earner. 

(‘)  Estimated  limits  for  the  channel  spacing,  with  the  parameters  given  in  (*)  above  and  with  an  adjaceni<hannel  protection 
ratio  of  - 6 dB. 
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TABLE  4-5 

Relaclonshlp  between  Satellite  EIRP  and 
__  Earth-Station  Figure  of  Merit  G/T 

C/N  - EIRP  - L - B + G/T  - K or 
EIRP  * C/T  + L - G/T  dB 

where , 

C/T  = carrier-to-noise  temperature  ratio  of  the  space- to-earth 
path,  in  dB(W/K) ; 

K =«  10  log  Boltzmann's  constant  in  dB(W/K  • Hz); 

L “ free  space  path  loss  on  the  apace- to-earth  path,  in  dB; 

= 20  log  UrrK/k  (where  R is  the  distance  and  A.  is  waye length 

measured  in  the  same  unit) ; 

q/T  a gain-to-noise  temperature  ratio  of  the  earth  receiving 
station  in  dB;  (T  expressed  in  K) ; 

B =10  log  b (b  in  Hz)  . 

The  required  satellite  EIRP  can  be  converted  into  req-aired  satellite 
transmitter  output  power,  Pg  , if  the  satellite  antenna  gain,  ^ is  known: 

= EIRP  - G^  dB 

The  half-power  beamwidth  9q  can  be  determined  once  satellite  antenna 
gain  is  specified: 

9^  « i/27  OOO/g^  = 223  A/jt  D 

where  is  the  antenna  gain  expressed  as  a ratio  and  D is  the  diameter  of  the 
antenna  expressed  in  the  same  units  as  X , the  wavelength.  An  antenna  aperture 
efficiency  of  557,  has  been  assumed. 


tf 
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TABLE  4-6 


Formulae  Governing  System  Performance  in  a 
Frequency-Modulation  System 


S/N  - C/N  - 


where. 


S/N  “ 
C/N  » 


F 


D 


P-JB 


f 

V 


b 


ratio  of  peak-to-peak  luminance  amplitu-’e  to  weighted 
RMS  noise  (dB) ; 

pre-detection  carrier-to-noise  ratio  in  the  radio- frequence 
bandwidth  (dB) ; 


3(D  /f  )2  • (b/2f  ) 

_£1E  V 

when  expressed  in  dB) ; 


(power  ratio  which  eq-jials  •^B 


peak-to-peak  deviation  by  video  signal  (including 
synchron iza  t ion  pu 1 se  s ) ; 

highest  video  freq^iency;  (e.g. , 4.2  MHz  in  the  case  of 
System  M) 

radio- frequency  bandwidth  (usually  taken  as  + 2f^); 

combined  de-emphasis  and  weighting  improvement  factor  in 
frequency  modulation  systems  (dB), 
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TABLE  4-7 

The  Relation  between  the  EIRP  of  a Geostationary  Satellite 
and  the  Power  Flux-Density  at  the  Surface  of  the  Earth 


2 

The  EIRP  (d3W)  minus  the  spreading  loss  In  dB  (m  ) Is  equal  t > the 

2 

power  flux-density  (dB(W/m  ));  atmospheric  loss  not  included. 

For  the  point  on  the  Earth  at  latitude  and  relative  longitude 
(sub-satellite  point  » 0°)  and  with  cos  A » cos  \ cos  <p  , we  obtain 
the  following  relationship: 

2 

Angle  A (degrees)  Spreading  loss,  dB  (m  ) 

0 (sub-satellite  point)  162.1 

80  163.4 


For  an  angle  of  elevation  e,  with  tan  e ■ (cos  A -0.1513)/sin  A,  we 
obtain  the  following  relationship: 


Angle  e (degrees) 


Spreading  loss,  dB 


0 163.4 

90  162.1 


The  power  flux-density  req*aired  for  satisfactory  television  reception 
in  a broadcasting- sate  Hite  system  depends  on  the  desired  dovni-link 
carrier- to-noise  ratio  (C/N,  dB) , the  receiver  figure  of  merit  (G/T,  d3) , 
the  frequency  (^,  GHz)  and  the  receiver  jandwidth  (B,  MHz)  in  the  follow- 
ing way: 

PFD  * (C/N)  - (G/T)  + 20  log  £ + 10  log  B - 147 . 1 

2 

where  PFD  is  the  power  flux-density  in  dB  (W/m  ). 
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TA.BLE  4-8 

Characteristics  of  Representative  Receiving 
Systems  and  Resulting  Power  Flux- Densities 


Type  of  reception 

1 

Individual 

A 

B 

C 

0 

A 

B 

D 

^ H?  teanviltr.  (degrees) 

2.4 

1.5 

2.0 

1.3 

1.0 

0.7; 

1.0 

1.0 

.d.-.ter.na  diar.  (r.' 

0.75 

1.2 

(0.9) 

(1.0)  I 1.8 

2.4  1 (1.8> 

(1.8) 

factor  ' zr. 

6,2 

3.7^^ 

(5.0) 

(6.-'  ! - : 

f • ^ 

' 

4 

12 

6 

6 

14 

2C  ' 14 

14 

V.'erall  required  (dB) 

U 

14 

14 

14 

14  1 li*  ; Ik 

14 

"req-er.cy  ca.”.d  (3Hz) 

12 

12 

12 

12 

12 

12  i 12 

12 

10 

27 

27 

18/25  I IS 

27  1 27 

18/23 

-103 

-109 

-103 

(-lCl/[ 
-lC3j  -112 

-111 

(-112/ 

-111) 

(1)  Computed  by  assuming  the  sarie  losses  and  conditions  as  in  the  example  in 
Annex  I of  Report  (473-2),  except  that  an  antenna  efficiency  of  557.  vas  used. 

(2)  In  these  cases  the  losses  assuoed  in  the  example  were  reduced  by  1 dB. 

(3)  Includes  an  allowance  of  0.5  dB  for  retransmission  of  up-link  noise. 

A:  readily  achievable 

B:  achievable  at  additional  cost 

C:  adopted  by  WARC-BS  for  Regions  1 and  3 

D:  adopted  by  WARC-BS  for  Region  2 
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The  network  requirements  prepared  by  ABC,  CBS  end  NBC  qlve  the  per- 
formance objective  for  TV  picture  to  weighted  continuous  random  noise 
ratio  of  56.0  dB  (p-p/RMS)  on  a studio- to- studio  basis.  A picture  signal 
to  noise  ratio  of  56.8  dB  la  typically  allocated  for  a single  earth 
statlon-satelllte-earth  station  link,  based  on  the  following  allocation 
for  the  various  segments  of  the  television  link. 

Noise  allocation  of  video  signal; 

f—  Transmit  Terrestrial  Link 

66.7  (dB) 

Studio- to- Studio  Satellite  Link 

56.0  (dB)  56.8  (dB) 

Receive  Terrestrial  Link 

66.7  (dB) 
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lABLE  4-lD 


Audio  SlgnaI«tc-Notse  Ratio 

The  network  requireaeat  for  maximum  audio  signal  (+9  dBm)  to 
psophometrically  weighted  noise  ratio  is  65.0  dB  (RMS/RMS)  which 
is  equivalent  to  a noise  level  of  ■*56t0  dBmOps.  (The  expression 
dBmOps  is  used  to  indicate  noise  levels  in  a program  circuit  which 
are  psophometrically  weighted  and  measured  in  decibels  relative  to 
1 at  a point  of  zero  relative  level  in  the  circuit).  The 
maximusi  audio  signal“tO“noise  ratio  of  66.0  dB  is  allocated  for  a 
single  satellite  link  as  listed  below: 

Noise  allocation  of  audio  signal: 

I—  Transmit  Terrestrial  Link 
74.9  (dB) 

« 

Studio-to-Studio  --  Satellite  Link 
65.0  (dB)  66.0  (dB) 

— Receive  Terrestrial  Link 
74.9  (dB) 
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TAilE  4-U 

SubJ«ctlv«  Picture  QuJillty  of  525-Line  System/NTSC 

* 

System  M:  USA  and  Ceneda 


Picture  Quality  Grade  as  Radio- Frequency  Signal-to-Noise 

Reported  by  Viewers  Ratio  for  the  Percentage  of  Viewers 

Indicated  (dB)  (^) 


507. 

757. 

1.5 

half-way  between  excellent 
and  fine 

39.5 

42.5 

2 

fine 

• 

35.2 

38.2 

3 

passable 

30.0 

33.0 

4 

marginal 

25.6 

28.6 

5 

inferior 

20.4 

23.4 

(^)  Radio- frequency  £IMS  signal  diiring  sync,  peaks,  no  weighting, 
over  6 MHz  bandwidth,  amplitude-modulation  vestigial-sideband. 


Equivalent  rectangular  bandwidth  in  transmission: 

- frequency-modulation:  18  MHz 

- amplitude-modulation,  vestigial- sideband:  4 MKz 

Ratio  of  luminance  signal  to  weighted  RMS  noise  value  is  43  dB* 
(rated  "excellent"  by  507,  of  the  viewers). 

* Approximately  46  dB  for  System  M (Japan). 


* See  Section  6 for  TASO  Grade  definition 


lABIZ  4-12 


NORDSAT  DOWN -LINK 

POWER  BUDGETS 

TWT  Power  Output  (BOL) 

+26.55  dBw 

TWT  Power  Output  (BOL) 

450  w 

Peak  Antenna  Gain* 

-42.3  dB 

Waveguide  and  Isolator  Losses 

+0.35  dB 

Multiplexer  Losses 

+0.7  dB 

TWT  Output  Circuit  Losses 

+0.3  dB 

Peak  EIRP  (EOL) 

+67.0  dBw 

Ageing 

+0.5  dB 

Receive  Carrier 

-146.1  dBw 

Atmospheric  Loss  (997.) 

+3.4  dB 

Space  Loss 

+206.2  dB 

Pointing  Loss 

+0.5  dB 

Relative  Antenna  Gain  at  the 
Edge  of  Coverage 

+3.0  dB 

C/N 

+14.0  dB 

Rccei\c.  Bandwidth  (27  MHz) 

+74.3  dB/Hz 

Boltzmann's  Constant 

-228.6  dBw/Hzk 

Up-Link  Noise  Contribution 

+0.2  dB 

Receive  G/T 

-6.0  dB/K 

* Th«  down-link  budgtt  for  th«  Eaat-Nordic  beam  is  given  for  the 
"worst"  point  in  the  coverage  area  which  is  southeastern  Finland. 
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TABLE  4-13 


SampI*  Uplink  Calculation  for 
Lawls  Ground  Station 

[Uplink  frequency,  14  2 GHz.] 


Spicecratt  receiver 
noise  temperature. 
Charactertatle  K 


1315 

2315 

Terminal 

Transmitter  power  ii25C  3 W). 

30.97 

30.37 

dBW 

Feed  lose.  dB 

-2.00 

-2,00 

Antenna  gam  (4  86  m i '6.3  ft). 

54.53 

54.53 

0.31*  half-power  oeam  wioth 
(HPBW) 

Effective  Isotropic  Rar'iated 

33,50 

83.50 

Pow»:  (EIRP),  dBW 
Antenna  (.■'ointing  error 

-0.26 

-0.26 

(0.05*).  00 
Margin.  dB 

-3,00 

-3.00 

Propagation  loss  l23  0T4  statute 

-207,22 

-207  22 

miles:  latitude.  4i  4'-  relative 
longitude.  35  1°).  dB 
Atmospheric  'oss  (0.100’s  outage: 

-2.23 

-2.23 

CClR  Rainfall  Region  2)  o3 
Polarization  loss.  dB 

-0  25 

-0.25 

Spacecraft: 
Feed  loss.  dB 

-0.00 

-0.00 

Antenna  gam  (0.70  m oy  0.70  m 

37  68 

37  68 

(2,3  ft  Sy  2.3  ft):  2.i5 
py  2.15  HPBW) 
Antenna  nomtmg  error 

-0.31 

-0.31 

(0.38*).  'B 

Received  earner  power  dBW 

-92.03 

-92.03 

Noise  power  density.  a3w  hz 

-197,41 

-i94.etj 

Bandwidth.  dP  (Hz)  (27  0 MHz) 

-123.10 

-120.04 

Carrier-power  receiver-noise 
ratio.  dB 

31  02 

28  56 

T ypical  Link  Budgets  for 
The  Communicatiorif 
Technology  Satellite  1CTS) 


Sample  Downlink  Calculation  for 
Lawia  Ground  Station 

[Downlink  frequency.  12.1  GHz.) 


Characteristic 

Spacecraft  Recaiver 
noiea  tamparatura 
K 

131S  2315 

Spacecraft: 

Output  tube  power  (200  W). 

23,0 

£3.01 

dBW 

Feed  loss.  dB 

-O.CO 

-0.00 

Antenna  gam  (0.7ij  m by 

36.28 

36.28 

0.70  m (2.3  ft  by  2.3  ft): 
2.52  by  2.521  - PBW).  dB 
Effective  Isotropic  Radiated 

59  29 

59  29 

Power  (EIRP).  dBW 
Antenna  pointing  error 

-0.22 

- 0.22 

(0.38*).  dB 
Margin.  dB 

-3.0C 

-3.00 

Propagation  loss  (23  074 

-205.81 

-205.81 

statute  miles:  latitude.  41.4- 
relative  longitude.  35. t').  dB 
Atmospheric  Icds  (0  100*s  outage: 

-V52 

-1  52 

CCIR  Rainfall  Region  2).  dB 
Polarization  loss.  dB 

-0.25 

-0.25 

Terminal: 

Feed  loss.  dB 

-1  00 

-1  00 

Antenna  gam  (4  88  m 

53. '.2 

53.12 

(16.0  ft):  0.30*  HPBW) 
Antenna  pointing  error 

-0  '3 

-0  18 

(0.05*).  dB 

Received  earner  power.  oBW 

-99.53 

-99  58 

No'se  power  density 

-199  57 

-109,57 

(T-800  K),  dBW  Mr 
BandAidth.  dB  (Mz)  (27  0 MHz; 

74,31 

74.31 

Termmcl  receiver  noise 

-125  26 

-125  23 

power,  dBW 

UplmK  noise  contribution 

0.95 

1 80 

(CN.  31  02:  28.6  dB),  dB 
Teimmaf  net  noise  power,  dBW 

124  14 

123.45 

Terminal  earner-power  receiver- 

24  56 

23  87 

noise  ratio  db 

FM  improvement  (M«2  00).  oB 

21  53 

21  58 

Noise  weighting  factor 

10  20 

10  20 

(CCIR).  dB 

Preemphasis  improvement  dB 

2 40 

2 40 

Signal  noise  ratio.  dB 

58  91 

58  05 
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OABIZ  4-14 


DOWN-LINK  LINK  BJDGET  (TV  CHANNEL)  OF  JAPANESE  BROADCAST  SATELLITE  (BSE)  at  12  GHz 


Service  Area 

Antenna  diameter  o£  ground  receiver 
Satellite 

Transmitting  power  (dBw/ch) 

Feeder  loss 

Antenna  gain 

Propagation  loss 

Free  space  attenuation  (dB) 

Atmospheric  attenuation  (dB) 

(99%  of  any  month) 

Ground  receiver 

Antenna  gain  (dB) 

Received  carrier  power  (dBw) 

System  noise  power  (dBw/ 25  MHz) 

Noise  Increase  by  up -link 

Down-link  C/N 

S/N  improvement  factor  by  FM  (dB) 
Picture  weighting  factor  (dB) 

Signal  to  noise  ratio 


Mainland 

Remote  Islands 

1. 6 m0 

4.5  m0 

20.0 

20.0 

-1.7 

-1.7 

37.0 

28.0 

-205.8 

-205.4 

-1.0 

-1.0 

43.5 

52.5 

-108.0 

-107.6 

-126.4 

-126.4 

-0.1 

-0.1 

18.3 

18.7 

18.3 

18.3 

10.2 

10.2 

46.8 

47.2 

f 
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TABLE  4-15 


Llnl-  Budget  for  Japan  BSE 


Up-Link  (Kashina  to  BSE) 


TX  power  (dBW/ch) 

20.0 

IX  feeder  loss  (dB) 

-3.5 

TX  antenna  gain  ('IB) 

62.0 

Free  space  loss  (dB) 

-207.2 

RX  antenna  gain  (dB) 

39.5 

RX  feeder  loss  (dB) 

-0.5 

Noise  power  (dBM/25  MHz) 

-122.6 

C/N 

32.9 

Down- Link 

Service  Area 

Mainland 

Remote  I is 

Antenna  of  RX 

1.6 

4.5  , 

TX  power  (dBl-J/ch) 

20.0 

20.0 

TX  feeder  loss  (dB) 

-1.7 

-1.7 

IX  antenna  gain  (dB) 

37,0 

23.0 

Free  space  loss  (dB) 

-205.8 

-205.4 

RX  antenna  gain  (dB) 

43.5 

52.5 

Received  Carrier  (dBW) 

-109.7 

-109.4 

Noise  pov’er  (dBW/25  MHz) 

-126.4 

-125.4 

C/N 

19.4 

19.8 

Total  C/N*  (d3) 

19.2 

19.6 

Tireshold  C/N  (dB) 

9.0 

9.0 

Rain  attenuation  (dB) 
(99  997.  of  any  month) 

-7.0 

-7.0 

Link  margin  (dB) 

3.2 

3.6 

*The  tranSTnlssion  pArameters  pertinent  to  the  color  TV  broadcasting  by  BSE 


are  as  follows; 

System 

Sound  sub carrier 
Frequency 
Modulation 
Modulation 
Sound/ video  ratio 
Emphasis 


NTSC  Standard  (525  lines.  30  frames /sec) 


4.5  MHz 

FM,  Freq.  deviation  +25  KHz  (0-p) 
FM,  Freq.  deviation  12  MHz  (p-p) 
1/6 

CCIR  Rec.  405-1 
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TABLE  4-16 
A^.IK-B  LINK  BUDCST 


Unlink  C/N 

2 

SFD*  (dBw/m  ) 
Spacecraft  G/T  (dB/K) 
> 2/4  (dB) 

K (dBw/Hz/K) 

B (dB-Hz) 

C/N^,  (dB) 


-83.56 

(>teasured  at  Ottawa) 

+ 2.2 

(From  Pre-Launch  Data) 

-44.54 

+228.6 

(Boltzmann's  Constant) 

-72,60 

(Measured  Noise  Bandwidth 
of  18.2  MHz) 

30.09 

Downlink  C/N 

EIRP  (dBw) 

Path  Loss  («1B) 

K (dBw/Hz/K) 

B (dB-Hz) 

Gain  of  Receiving  Antenna  (dB) 
System  Temper. ature  (dB-K) 

Total  C/N  (dB; 


50.12 

-205.8 

+228.6 

-72.60 

+40.70 

-27.61 

13.32 


(Measured  at  Ottawa) 
(At  Ottawa) 


(Measured  noise  figure  of 
4.5  dB  plus  50  K for 
antenna  noise  and 
miscellaneous  loss) 


* Saturating  flux  density 
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lABIE  4-17 

AMIK-B  EAKTH  TERMINALS  (11.7-12.2  GHt) 


AnCenna  Slz« 

Systam  G/T 

Racelva  Flux  Density 

Video  SNR* 

Tuning  Range 

Video  Bandwidth 

Peak  Video  Deviation 

Audio  Subcarriar  Frequency 

Peak  Subcarrier  Deviation 
of  Main  Carrier 

Peak  Deviation  of  Subcarrier 

Peak  Energy  Dispersal 
Deviation 


1. 2 o 

1.8  m 

13.0  dB/K 

16.5  dB/K 

-113.5  dBw/m^ 

-117.0  dBw/m^ 

>40  dB 

>40  dB 

11.7-12.2  GHz 

11.7-12.2  GHz 

4.2  MHz 

4.2  MHz 

6 MHz 

6 MHz 

5.14  MHz 

5.14  MHz 

1 MHz 

1 MHz 

60  kHz 

60  kHz 

200  kHz 

200  kHz 

* At  a C/N  2 dB  above  static  threshold. 
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TA.BLE  4-18 

?ra-FgBy_A3ieg  or  LOVrR«?OWER  SATSLUTSS 


paramftters  ax* 

^ 50  dBW* 

^ 6 ISz 

Bmndtfidth  IS  iiBx 


I 


i 

I 

I 

I 

i 


I 

I 

I 


SS7ICE 

« **  «■ 

SI2S  00 

TZIQ1I21AL 
G/T  (dS) 

C/!lo 

(dB-£2) 

SKiL^ 

(dS) 

M4BCIH  TO 
STATIC  USESaOLO 
(dB) 

}H3aTS 
TO  PICTUBE 
LOSS  (dB) 

Individual 

Rftctpdon 

1.2 

13.0 

85.5 

42.0 

3.7 

7.7 

Sraall 

U.2 

CoBBunlc^ 
or  School 

l.S 

16.5 

89.0 

45.5 

7.2 
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TABLE  4-19 

Performance  of  Lower-Power  Satellite 


GLSillZS  POWES. 
(<tt  EELAITTS  TO 
STATIC  IHBESHOU) 

PICTUSS  QIULZ.ITT 

+4 

Ho  chrashold  noise 

+2 

Siresheld  noise  juse  s certs  co  appear  on  color  bars; 
not  genereXIj  noelceable  on  plceurts  except  those  he's- 
ing  vide  deviedon  cosponents. 

+1.5 

DTnaaie  threshold;  threshold  noise  just  starts  to 
appear  on  pictures. 

0 

Significant  threshold  noise  on  color  bars;  noticeable 
on  pictures. 

•2 

. 

. 

1 

Large  asutinc  of  threshold  noise  on  color  bars; 
significant  on  pictures. 

! 

Large  aaiount  of  noise  on  all  pictures;  at  some  point 
belov  this  the  picture  vlU  be  lost. 

Figure  4-2 
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TABI£  4-20 


ExanpLea  of  System  Peremeteta  for  Monophonic  Sound  Btoedceatlng 
for  Individual  Receptton^^^ 


Parameter 


Example 


1. 


System 

Frequency  of  carrier  (MHz) 

Type  of  modulation 
’’’requency  deviation  (kHz) 

Audio- frequency  bandwidth  (kHz) 

■jotal  rad  to- frequency  bandwidth  required  (kHz) 

Carrier- to-nolae  ratio  before  demodulation  (for  997. 
of  the  time  In  the  least  favorable  month)  (edge  of 
beam)  (dB) 

Corresponding  audio- frequency  signal-to-unweighted  noise 
ratio  (edge  of  beam)  (dB) 

Audio- frequency  signal- to- weighted  noise  ratio  (dB) 


12000 

FM 

+75 

15 

180 

19 

55 


47 


2.  Recelvlnz  Installation 

Figure  of  merit,  G/T,  of  receiver  (dB) 

Required  flux  (edge  of  beaj  (99Z  of  time  In  most 
unfavorable  month)  (dB(W/m  )) 

Free-space  attenuation  between  Isotropic  sources 
35  786  km  apart  (dB) 

Additional  free-space  attenuation  for  an  angle  of 
elevatlor:  of  40^  (dB) 

Total  atmospheric  attenuation  for  997.  of  the  time  in 
the  TKjst  unfavorable  month  (dB) 

Up-path  noise  (provisional  value)  (dB) 

Repaired  EIRP  from  satellite  at  edge  of  beam  (dB'?) 


4 

-117.5 


205.1 


0.5 


1.5 


0.5 

47 


3 . Satellite  Transmitter 

Antenna  beatiwldch  at  -3  dB  points  (degrees)  1.4 

Antenna  gain  at  edge  of  service  area  relative  to  an  38 

Isotropic  source  (dB) 

Loss  In  feeders,  filters,  Joints,  etc.  (dB)  I 

Required  satellite  transmitter  power:  (dB?)  1-0 

(W)  10 


(1)  These  examples  will  probably  not  be  valid  for  sound  broadcasting  alone, 
unless  the  receiving  antenna  and  the  pre-amplifier  or  freq'jency- changer 
were  also  used  for  television. 
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4.1.3  Digital  Systems /Link  Budgtta. 

In  digital  vidao  communication  using  a broadcast  satsllits  (Table  4-1), 
bit  error  rate  (BER)  is  the  criterion  of  system  performance  rather  than 

C/N  to  achieve  a S/N  of  say  48  db. 

Bit  error  rate  is  a criterion  which  differs  for  various  uses.  BER 

of  10  ^ for  example  may  give  a most  acceptable  (viewer)  television  picture, 
while  10‘°  is  required  for  voice,  and  lO’  for  computer  data.  Note  from 
Figure  4-3,  that  for  quadriphase  modulation  in  a system  requiring  a 10  ^ 

BER,  a signal  to  noise  power  ratio  of  9,6  db  is  required.  Note  a charac- 
teristic of  digital  communications;  i.e.,  when  signal  to  noise  power  ratio 
decreases  slightly,  a major  increase  in  BER  is  experienced.  Table  4-21 
lists  the  characteristics  of  several  modem  modulation  techniques  using 
various  level  phase-shift  keyed  carriers  shown  in  Figure  4-4  ; the  re- 
spective BER's  are  shown  in  Figure  4-5. 

The  figure  of  merit  of  the  "efficiency"  of  bandwidth  utilisation  re- 
fers to  the  number  of  bits  per  uuit  of  bandwidth  for  a particular  modula- 
tion technique.  Bits/Hertz  is  now  becoming  a familiar  part  of  the  conrnmi- 
cation  system  lexicon  and  has,  obviously,  considerable  economic  connotations 
to  a user  who  wishes  to  purchase  or  lease  a portion  or  all  of  a channel  band- 
width. Biphase  (BPSK)  modulation  (QPSK) , and  its  derivatives  staggered  QPSK 
(SQPSK)  are  now  standard  in  the  world  today.  Other  derivatives  include  80-PSK 
160-PSK,  FFSK  and  multilevel  amplitude  modulation.  2 bitsAiertz  will  be 
used  for  SQPSK  in  Intelsat-V  and  3 bits /Hertz  is  now  virtually  standard 
with  80-PSK  for  terrestrial  radio  at  11  GHz.  More  advanced  workers  in  this 
art,  such  as  Dr.  K.  Mlyauchl  of  Japan  NTT  ECL  Laboratories,  Joel  Smith  at 
NASA's  JPL  Laboratories  and  G.  Welti  at  Comsat  Uboratorles  are  experiment- 
ing with  more  advanced  combined  multi-dimensionally  coded  amplitude  and 
phase  shift  modulation  which  has  already  achieved  a bandwidth  efficiency  of 
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TABLE  4-21 


CHARACTERISTICS  OF  MODERN  MODULATION  TECHNIQUES 


MODULATION  TECHNIQUE 

BANDWIDTH  OF  MAIN  LOBE 

REQUIRED  E/N, 

BIPHASE 

2 X BR 

AT  BER  - 10-* 
10.6  d3 

QPSK 

I X BR 

10.6  dB 

fit 

' 0.75  BR 

12.7  dB 

QPRK 

0.73  BR 

14.7  dB 

IG  PHASE 

0.5  BR 

18.2  dB 

Ui  s 

VvctOf  D!«gramt  o)  Phaia  Modulation  Syitams 

H.Dd.D 


(-1.-1)  (1.-1) 

2 PSK  4 PSK  8 PSK 


16PSK  16-APSK 


Figure  4-4 


Bit  Error  Ratt  Ptrformanca  ol  Varlout 
Modulation  Sysiama 


Figure  4-3 
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4 bits /Hertz,  can  be  extended  to  as  much  as  8 bits /Hertz  and  beyond.  Taole 
4-22  lists  some  of  the  achievements  in  use  as  reported  in  the  literature  of 
satellite  communications. 

The  theoretical  capacity  of  some  of  these  modulation  techniques,  with 
various  levels  have  been  charted  for  bits /Hertz  versus  for  10  ^ BER 

by  W.  Wood  of  Raytheon.  According  to  Wood,  at  3 b/Hz,  S-phase  and  2-level 
4-phase  schemes  are  identical  but  at  higher  efficienties  a departure  in 
favor  of  combined  AM  and  PM  hybrid  techniques  becomes  apparent.  At  exactly 
3 b/Hz,  performance  must  be  measured  in  terms  of  implementation  complexity 
and  overall  system  gain  in  that  hybrid  AM/PM  techniques  require  linear 
transmission  systems  with  microwave  amplifier  backoff  to  achieve  the  re- 
quired amplitude  linearity. 

In  order  to  encourage  the  use  of  bandwidth-efficient  modulation,  the 
Federal  Communications  Commission  wisely  issued  Docket  19311  in  1974,  which 
specified  a minimum  channel  capacity  of  1152  channels  in  a 30  MHz  band  in 
the  6 GHz  terrestrial  radio  band.  This  requires  a data  configuration  us- 
ing two  T3  carriers  or  89.472  Mb/s  or,  which  with  bit  stuffing  and  framing 
information  brings  the  operating  data  rate  to  90  Mb/s.  This  requires  a 
bits /Hz  of  3 and  is  now  being  met  in  the  U.S.  by  Raytheon  and  Collins,  and 
otters,  using  8-phase  PSK. 

Table  4-23  provides  an  FM  link  and  digital  link  using  an  EIRP  of  55dbw 
illustrating  both  the  relative  characteristics  for  a TV  signal  represented 
by  a 20  htbps  data  stream. 

Figure  4-6  compares  satellite  transmission  power  at  bandwidth  for  I-*M 
and  quadriphase  stowing  that  for  data  rates  up  to  50  Mbps  for  the  particular 
s.'stem  illustrated,  the  digital  system  requires  less  satellite  power. 
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TABLE  4-22 


BANDWIDTH  EFFICIF.NCY 


«DULAT10N  TECHNIQUE 


Lii  v«  1 


Typ«  Modulcclon 


20  PSK  (utlnt  H) 


QPSR 

qPSK 

Q?SK 


SqPSK 


sqpsx 


ITSK 


qPRK 


Zero-Huiory  NyquisC 
Correlative  Codiat: 
itoduUcing  a PCM-PH 

Syatea 


30  PSK 
80  PSK 


160  PSK 


16  APSK* 


4-blC  QASK/ 


Blta/Scc/Hz 


Hexagonal  type  algnal 
foraat  uaLng  auper- 
Ijaposcd  Bodulaclofi 


0.50 


0. 94 

1. ’2 
1.53 


1.30 


2.00 


Where  Uacd 


Canada  Thin  Route 

Norway 

Marlaat  TTY 


SBS 

SPADE  (INTELSAT) 
IFLSAT 


2.20 


2.25 


Bell  Syatea  T3 
tranaalaalon  via 
11  Chz  radio 

Intelsat  V 


CTS  Canada 

Experioent  (11/14  GHz 
through  85  MHi  BV) 


4.00 


1.81 

3.0 


4.00 

4.00 


Microwave  Aaaoclates 
11  GHz  terrestrial 
radio 


Lankurt  ays tea  for 
transmitting  6.312 
Mb/a  T2  over  3 KHz 
terrestrial  radio 
channel 


TSilA  thru  Inttlfit  lY 
by  Fujitsu  L”'?. 

ColKns  te.!  ^'/.s trial 
rad;.o  for  li  GHz 


4.00 


4.00 


Coreaat  Labs /Japan 
NTT/tCL 

Japan  NTT/ECL^ 

JFL  for  Space  Lab^ 


Japan  NTT/ECL^ 
(experimental) 


1 Combined  Amplitude  and  Phase  Shift  Keying 

2 Quadrature  Amplitude  Shift  Keying 

3 J.  Smith  AJAA  paper  76-230 

4 K.  .“yauchl,  IEEE  Trans  Coon,  Feb.  1976 
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TABLE  4-23 


12  GHz  Link  With  Minimum  Performance  (G/T  = 14  db/K)  Cownunity  Reception  Station 


FM  LINK  DIGITAL  LINK 


EIRP 

55.0  dBU 

EIRP 

55.0  dBW 

Space  Loss 

205.0  dB 

Space  Loss 

-205.0  dB 

Receivibig  Antenna  Gain 

44.0  dB 

Receiving  Antenna  Gain 

44.0  dB 

(1^  Beamwidth) 

( 

Received  Signal  Level 

'106.0  dBW 

Received  Signal  Level 

-106.0  dBW 

No  » 1000°K) 

-198.6  dBH/Hz 

No 

-198.6  dBW/Hz 

C- 

f\ 

^'^No 

92.6  dB 

92.6  dB 

c:  ; ■ 

> i ' 

d 

Bandwidth  (18  MHz) 

72.6  dB 

Data  Rate  (20  Mbps) 

73.0  dB 

3 

C/M 

20.0  dB 

^''no 

19.  dB 

C/N  Required 

14.0  dB 

E/jjo  Required 

9.4  dB 

(42  dB  post-detection  SNR) 

(Pe  = 10  QPSK) 

Margin 


6.0  dB 


Margin 


9.6  dB 


Table  ‘4-24  lists  the  link  margins  of  various  digital  systems  as  provided 
by  Dr.  Phillips  of  the  European  Broadcasting  Union,  illustrating  the  relative 
power  required  for  a given  C/N  and  bandwidth. 

4.2  FMMo^tion  for  T\^  Broadcasting_^__Channp1 
4 .'2 . 1 Single  Carrier  Per  Tran^’ponder. 

The  satellite  transponder  is  an  integral  part  of  the  overall  link  which 
delivers  the  T\’  signal  from  the  transmitting  station  to  the  demodulator  of  the 
receive-^  earth  terminal.  Accordingly,  transmission  channel  requirements  have 
been  developed  by  the  CCIR,  as  stated  in  Table  4-25,  to  assure  using  the  proper 
channel  parameters  relative  to  bandwidth,  noise,  ga-'n  flatness,  and  group  delay 
distortion  which  provide  for  minimum  distortion  of  the  video  content  of  the  FM 
Carrier.  As  noted  in  Table  4-25  t^e  gain  ilatness  is  maintained  within  40.5  dB 
and  the  group  envelope  delay  - specified  at  +6j  nanoseconds  at  band  edges, 
assured  that  all  principal  video  harmonic  components  up  to  4.5  MHz  arrive  at  the 
proper  interval  in  time  to  assure  defining  an  edge  or  a change  in  detail  - 
without  this  detail  information  being  delayed  to  a later  nr  succeeding  interval. 
Figure  4-7  shows  typical  amplitude  and  group  delay  channel  response  characteris- 
tics as  specified  by  INTELoAT  in  Dociment  36  28-72E  which  provides  the  freouency 
and  time  response  tolerances  which  should  be.  met  b'-  the  transponder  channel  on 
T4'R0  receiver  system  to  minimize  distortions  due  to  gain  flatness  at  RF  and  IF. 

In  a television  systeni  in  which  only  one  FM  signal  is  transmitted  through 
the  36  MHz  wide  transponder,  the  FM  signa^  is  assured  a reasonably  symmetric 
channel  relative  to  both  gain/amplitude  and  group  delay  and  in  most  cases  the 
transponaer  is  operated  at  or  very  near  saturation. 


« 
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TABLE  4-24 


ApproxtmaU  propagation  margins  and  racaivar  charactarlatici 


a)  Propagation  * 

Fraquanc* 

12  CHx 

23  GHx 

C CHx 

U CHt 

M*'Jcrirc  ritn  < 

' irm  nr  V lor  10  tm  dB 

1 

7 

16 

u 

l\  c a:  J _d 

or  0 ' kn-  dB 

0 1 

0 1 

1 1 

4.0 

{ '*  !r.  ••  ii 

, : (im  m it  0 'C  > 

0\‘v  ’ J.‘ J ’A 

varii'.r  it  10"  elevition  dB 

0 n 

: 0 

: 0 

' 0 

( ‘ . ■'  _ * 1 J 

i;.r,  rr  iu  km  pith ) 

it  .;0''  ele'-itton  K 

:o 

IV) 

100 

160 

t. 

r ill  but  0 ^ time  dB 

i 

0 

IS 

>.  JL 

b)  Receiver  ^ 

• 

D-‘-  J-i-ttrr 

m 

a 0 

0 7 

0 1 

0 ' 

it.-'  . •••  IV 

dB 

42 

44 

46 

b,  : 1-  jt 

' JB  • dep.er5 

1 ^ 

1 1 

06 

! ••-.•1  area 

d B ' m - 1 

■i ' 

- 0 •> 

— 0 ^ 

- 14 

\ - V,  •a.-  T 

dB 

s 

10 

i: 

C T 

JB  K 

6 

6 

\ r 

1 .MHr  dB  (\X  ) 

1 

- i '6 

- 1 M 

- I'2 

R.:;-  . r r 

k^Ltru!  ? *r  J ^jJln  inJ  C N JB 

— :i 

1 1 

0 

-2^ 

' rzi"  tVvCrJcd  tor  0 ^ time  «ert  .'buincJ  bv  rxt.'Ji'i'tJt;  n from  :i,.-  All  ' jjtj  rr,  m C ( IR 

1 L ! ■:  M:tr>  in  the  IK.  Krun''  jnd  \i  i.bcrijnds  The  jjtn"'  (t;-;"!  t 'r  hiy.  r tree;. ; bar'.wK  jre 

^ !ho>i.  ijncn  ;n  Table  XllA  ot  Draft  Repu'fS  Tl' A 


.**  625  Line  System 


TABLE  4-25 


Satellite  Television  Performance  Requirements^ 


Transmission  Parameter  Performance  Requirement 


^ • b 

Insertion  Gain 

+0.5  dB 

Insertion  Gain  Variations 
Short  Term  (1  second)® 
Long  Term  (1  hour)^ 

+0.2  dB 
+1.0  dB 

Noise 

Random  (weighted) 

Impulsive^  ^ ^ 

Periodic,  Below  1 kHz  ’ 
Periodic,  1 kHz  to  1.2  MHz® 

56  dB 
25  dB 
50  dB 
55  dB 

Attenuation  Frequency^ 

+0.5  dB 

Envelope  Delay^ 

ns 

b 

Differential  Gain 

1.2  dB 

Differential  Phase^ 

3 degrees 

Linear  Distortion 
Field  Time'^>‘^ 
Line  Time^ 
Short  Time® 

+1  percent 
+1  percent 
+1  percent 

Luminance -Chrominance  Inequalities 
Gain® 

Delay® 

0.5  dB 
+50  ns 

Synchronizing  Signal 
Nonlinearityti 
Distortion^ 

-10  percent 
+5  percent 

a.  These  requirements  are  for  a CCIR-type  satellite  hypothetical  reference 
circuit  (SHRC). 

b.  Based  on  CCIR  Recommendation  421-2. 

c.  Present  provisional  CCIR  recommended  value  for  the  SHRC  given  in 
Recommendation  354-1. 

d.  Measured  after  clamping.  Clamping  is  used  in  satellite  links  to 
attenuate  the  energy-dispersal  waveform  upon  reception. 

e.  Based  on  CCI?.  Recommendation  451-1. 

f.  Based  on  CCIR  Recommendation  421-2  and  Report  407-1. 
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|4l  fRtOUENO  SCALE  IS  LINE**  IN  «Mi 


Transmit  Equipment 
Group  Delay  Characteristics 


Transmit  Equipment 
GainTrequency  Characteristics 


CARRIER  SIZE 
(MHZ) 

A 

(MHz) 

1 25 

09 

25 

vs 

50 

3« 

'5 

54 

tec 

72 

i5C 

lOB 

" 5 

126 

200 

14  4 

25  0 

16  0 

3S  0 

a e 

BCD 
(MHe)  (MHz)  (MHz) 


’ 13 

1 50 

40 

255 

275 

60 

4 5C 

525 

13.0 

S75 

7 75 

170 

900 

1025 

190 

135C 

15.50 

250 

1575 

16  00 

Xi 

1800 

20  50 

260 

Z2  V. 

25  75 

340 

36  00 

45  25 

600 

(dB) 

(dB) 

l«JB) 

IdB) 

07 

1 5 

30 

25 

07 

1 5 

25 

25 

05 

20 

30 

25 

04 

25 

40 

25 

03 

25 

50 

25 

03 

25 

55 

25 

03 

2 5 

65 

25 

03 

25 

7 5 

25 

0.3 

25 

ec 

25 

06 

25 

10  j 

25 

CARRIER  SIZE  A 
(MHz)  (MHz) 

H 

(MHz) 

f 

(nt) 

9 

(MS) 

h 

(nt) 

1.25 

0 9 

1 13 

16 

16 

20 

2.5 

1.8 

2 1 

16 

16 

20 

5.0 

36 

A 1 

12 

12 

20 

7.5 

5 4 

6.2 

12 

12 

20 

10.0 

7.2 

8 3 

9 

9 

18 

15.0 

10.8 

12.4 

6 

6 

15 

17.5 

12  6 

14  2 

6 

5 

15 

20.0 

14  4 

16  6 

4 

5 

15 

25  0 

18  0 

20  7 

3 

5 

15 

36.0 

28  6 

33  1 

3 

5 

1 H 

f 

1 


FIGURE  4-7.  Transmit  Amplitude  and  Group  Delay  Requirements. 
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In  symmetric  - channel  single  carrier  per  transponder  - channel  operation 
which  conforms  to  the  mask  of  Figure  4-7,  and  the  specifications  listed, 
the  receiver  becomes  the  principal  place  where  the  quality  of  the  receiver 
signal  must  be  maximized. 

Although  an  FM  system  is  used  and  in  most  conventional  receivers  there  is 
some  form  of  amplitude  limiting .severe  amplitude  non-flatness  can  cause  AM  and 
FM  conversion  to  occur  in  the  limiters  which  lead  to  intermodulation  of  the 
video  signal. 

Phase  linearity  is  commonly  discussed  in  terms  of  group  delay  which  is 
defined  as  the  derivative  of  the  phase  frequency  response.  The  group  delay 
limits  of  the  receiver  should  meet  the  requirements  of  the  mask  of  Figure  4-7. 
Non-linear  phase  results  fi.-om  conventional  filtering  and  must  be  equalized  to 
provide  a group  delay  characte..  c which  falls  within  the  mask  of  Figure  4-7 
to  yield  satisfactory  performance.  Group  delay  distortions  cause  the  following 
degradations  of  the  demodulated  signal: 

o Baseband  gain/ frequency  variations 

o Harmonic  distortion  which  produces  luminance /chrominance  crosstalk 
o Baseband  intermodulation  which  causes  unwanted  frequency  products  to 
occur  in  the  video  signal 
o Differential  phase  distortions 

Demodulator  linearity  is  a measure  of  the  accuracy  of  the  transfer  function 
of  the  demodulator  (volts/MHz  of  deviation)  over  its  deviation  range.  For 
good  performance  this  accuracy  (linearity)  should  be  within  one  percent  on  any 
portion  of  the  deviation  range.  Demodulator  non-linearity  causes  harmonic 
distortion  and  excessive  differential  gain  of  the  demodulated  signal. 
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Once  the  signal  is  demodulated  it  must  have  several  operations  performed 
on  it  before  it  is  a usable  signal  suitable  for  distribution.  The  basic  signal 
processing  operations  as  specified  by  FACC s Edward  Chapman  are: 
o De-emphasis 

o Remove  1 of  the  subcarrier  from  the  video  signal 
o Energy  dispersal  removal  from  the  video  signal 
o Restoration  of  DC  level  to  the  video  signal 
o Selection  and  demodulation  of  the  audio  subcarrier 
0 De-emphasis  and  filtering  of  the  demodulated  audio  signal 

In  FM  systems  triangulation  of  the  noise  spectrum  occurs  during  the  de- 
modulation process.  This  causes  the  noise  spectrum  to  increase  in  level  with 
an  Increase  in  modulating  frequency.  This  results  in  a decreasing  signal-to- 
noise  ratio  at  increasing  baseband  frequency.  To  overcome  this  effect,  a de- 
eraphasizing  network  is  utilized  in  the  receiver  and  a matching  pre-emphasizing 
network  in  the  transmitter.  Pre-emphasis  shapes  the  frequency  response  of  the 
video  signal  and  causes  the  highest  frequency  component  of  the  video  signal  to 
be  13-2  dB  (voltage  ratio  of  4.6)higher  than  the  lowest  frequency  component. 

The  weighted  S/N  improvement  of  a pre-emphasized  video  signal  over  a flat 
video  signal  is  approximately  2.5  dB  for  525  itne  transmission. 

Another  factor  of  pre-emphasis  used  in  video  transmission  is  the  improve- 
ment in  color  information  by  the  reduction  in  distortion  of  the  chrominance 
signal  by  the  luminance  signal.  By  reducing  the  relative  level  of  the  luminance 
signal  to  the  chrominance  signal  the  amount  of  chrominance- to- luminance  distortion 
caused  by  non-linearities  in  the  system  is  reduced. 

Removal  of  the  subcarrier  from  the  video  is  required  to  elimina..e  the  possi- 
bility of  subcarrier  to  chrominance  intermodulation  which  could  produce  spurious 
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products  that  fail  within  the  video  passband.  Although  the  frequency  of  the 
subcarrier  is  high  enough  that  it  would  probably  not  cause  degradation  of  the 
picture  it  is  best  to  remove  the  subcarrier  as  q’jickly  as  possible  after  demodu- 
la t ion  to  avoid  potential  intermodulation  problems. 

All  video  signals  transmitted  through  a satellite  are  required  to  have  an 
energy  dispersal  waveform.  This  waveform  is  simply  a triangular  waveform 
(whose  inflection  points  are  synchronized  with  the  vertical  blanking  interval) 
samiT'.ed  in  with  the  video  signal  prior  to  modulation.  The  energy  dispersal 
v^aveform  causes  the  carrier  to  be  modulated  typically  1.0  MHz  peak-to-peak  with 
video  and  2.0  MHz  peak- to- peak  when  video  is  removed.  The  deviation  caused  by 
the  dispersal  waveform  insures  that  the  radiated  power  from  the  satellite  at 
any  one  RF  freq-aency  is  less  than  a certain  maximum  allowable  level  to  minimize 
the  probability  of  interference  with  terrestrial  microwave  systems  and,  in  some 
cases,  adjacent  satellites,  and  to  reduce  intermodulation  in  half  transponder 
video  transmission.  After  the  video  signal  is  demodulated  the  triangular  wave- 
form must  be  removed  and  this  is  commonly  done  by  clamping  the  video  signal  to 
the  sync  tips.  In  addition  to  removing  the  triangular  waveform,  clamping  also 
provides  DC  restoration  of  the  video  signal. 

The  video  associated  audio  is  transmitted  on  a stibcarrier  which  is  summed 
in  with  the  video  signal.  The  subcarrier  must  be  filtered  from  the  video  signal 
and  demodulated  to  produce  the  audio  signal.  Since  this  is  also  FM  modulation, 
the  audio  signal  must  be  de-emphasized  to  correct  .'or  pre-emphasis  (pre-emphas ized 
modulation  provides  an  unweighted  S/N  improvement  of  approxitiiately  12  dB  over  flat 
modulation  for  the  75  usee  pre-emphasis  network  and  kHz  audio  format  used  in 
'J.  S.  domestic  video  transmission). 
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4,2.2  tmd  (Carriers  Per  Transponder 


It  is  an  attracciva  aconomic  faatura  in  aatallite  usage  to  transnit  two 
FH  TV  (video  + sound)  signals  side  by  side  through  a single  satellite  trans- 
ponder - using  a lower  FM  deviation  for  both  FM  signals.  Consider  a system 
which  places  two  FM  TV  carriers  side  by  side  and  each  occupying  a 17  MHz  band 

width  in  a 36  MHz  standard  transponder  channel. 

in  order  to  maintain  picture  quality  ior  both  carriers,  it  is  necessary 
to  reduce  the  drive  to  the  satellite  by  both  carriers  (see  Figure  4-8)  where 

by  the  two  carriers  together  provide  a TWTA  output  approximately  5 dB  below 
saturation.  This  reduces  intennodulation  distortion  productivity  both  of  the 
amplified  carriers,  but  it  does  not  reduce  the  EIRP  for  each  carrier. 

Another  aspect  of  two  carriers  uer  transponder  is  the  need  to  equalize 
each  half  of  the  transponder  channel  to  essentially  provide  symmetrical  group 
delay  for  each  FM  carrier  and  to  limit  the  group  delay  at  the  edge  of  each 
17  MHz  band  to  less  than  30  nanoseconds  (see  Figure  4-7)  which  then  prevents 
delaying  high  frequency  picture  information  into  the  next  picture  elenent. 


4.2.3  Vidiplex  Systems 

Utilizing  a newly-developed  satellite  television  transmission  technique, 

Vidiplex,  four  channels  of  television  programming  were  sent  from  Los  Angeles, 

California,  to  Juneau,  Alaska,  through  a single  transponder  on  the  Satcom  satel 

lice.  According  to  RCA,  who  managed  the  demonstration,  this  had  never  been 

•k 

done  anywhere  in  the  world  for  public  viewing. 


Vidiplex,  a trademark  of  Thomson-CSF,  is  an  adaptation  and  extension  of 
the  STRAP  technique  (for  simultaneous  transmission  and  reception  of  alternating 
pictures' . Vidiplex,  a technique  developed  by  CBS  labs  and  manufactured  by 
T^omson-CSF,  produces  a technical  pairing  of  two  television  signals  which  can 
then  be  transmitted  within  the  same  spectrum  of  a s ‘ r^e  television  channel. 


* Satellite  Communications,  April  1979. 
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Two  Input/Output  Characteristics 


Figure  4-8 
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For  an  earlier  two- signal-one  transponder  experiment,  RCA  developed  an 
alternate  line  delay,  a device  that  takes  every  other  line  from  the  picture 
transmission,  shifting,  those  lines  slightly  to  prevent  colors  froc.  bleeding 
together,  because  of  the  corresponding  intermodulation  in  the  transmission 

system. 

For  the  Juneau  demonstration,  RCA  Alascom  combined  two  Vidiplex  units  to 
establish  what  was  actijally  a dual-Vidiplex  system.  Four  television  signals 
were  grouped  into  pairs,  with  each  pair  run  through  a frame  synchronizer,  then 
into  two  Vidiplex  encoders.  Each  encoder  signal  vras  fed  to  a satellite  uplink, 
and  the  tvo  paired  ignals  were  transmitted  on  one  transponder.  Through  re- 
duced bandwidth  techniques,  RCA  places  two  carriers  in  the  sar"e  bandwidth 
normally  occupied  by  only  one. 

Ac  the  receiving  end,  two  reduced  bandwidth  satellite  receivers,  each 
equipped  with  a Thomson-GJF  noise  reducer,  fed  thr  two  Vidiplex  decoders.  The 
outputs,  flowing  through  the  alternate  line  delay  device,  were  thon  fed  into 
the  standard  VHF  modulators  to  a local  CATV  system.  Video  and  audio  were 
brought  together  at  *-.he  cable  carrier. 
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4.2.4  Slow  Scan  TV. 


A variety  of  slow  scan  TV  picture  transmission  systems  have  been  developed 
over  the  last  two  decades;  hovs’ever,  the  present  trend  is  to  use  conventional 

• 

CCTV  cameras,  monitors,  and  ocher  system  components  in  conjunction  with  "scan 
conversion"  devices  which  reduce  the  bandwidth  of  a CCTV  camera  output  from  a 
nominal  five  mega  Hertz  to  approximately  one  kiloHertz  for  transmission  over 
voice  grade  circuits.  This  is  a compression  ratio  of  5000  to  i,  and  is  general- 
ly achieved  by  a)  stretching  out  the  signal  in  time  from  30  pictures  per  second 
to  perhaps  1 picture  in  100  seconds,  and  b)  sacrificing  some  resolution  in  the 
final  image. 

Time  is  the  essential  factor  in  slow  »can  TV  communications,  and  the  amount 

of  time  req-aired  to  transmit  a single  picture  is  primarily  determined  by  two 

factors:  bandwidth  of  the  coiranuni cat ions  link,  and  resolution  of  the  reproduced 

image.  The  dial-up  phone  network  provides  a basic  limitation  to  bandwidth,  and, 

although  the  useful  frequency  range  of  a dial-up  circuit  may  be  approximately 

300  to  2500  Hertz,  it  is  usually  necessary  to  transmit  a DC  component  in  the 

slow  scan  TV  signal.  This  is  usually  accomplished  by  amplitude  or  frequency 

modulation  of  ar  audio  tone,  with  the  result  that  the  effective  bandwidth  of  the 

transmitted  data  is  only  on  the  order  of  one  kiloHertz,  or  about  20C0  picture 

elements  per  second.  Under  these  conditions,  a few  approximations  are  as  follows; 

128  X picture  element:,  = 8 seconds 

256  X 256  picture  elements  * 32  seconds 

256  X 512  picture  elements  = 64  seconds 

512  X 512  picture  elements  “ 128  seconds 

512  X 1024  picture  elements  = 256  seconds 

In  general,  128  x 128  pictures  are  too  coarse  to  be  useful  except  in  very 
limited  situations,  256  x 256  is  acceptable  in  :;iany  instances,  while  256  x 512 
or  liigher  resolution  pi.jvides  excellent  inagerv’.  Key  considerations  are  viewer 
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distance  from  the  TV  screen  and  type  of  graphic  material  to  be  reproduced. 

In  general,  the  guidelines  of  conventional  TV  production  may  be  followed  when 
256  X 512  resolution  is  available,  while  lower  resolution  will  require  corres- 
pondingly tighter  camera  shots. 

In  some  instances,  wider  band  conmunications  circuits  -.nay  be  available 
and  scan  converters  with  a faster  picture  transmission  time  used.  For  example, 
an  AM  broadcast  circuit  (100  to  5000  Hertz)  would  halve  the  time  req-uired  for 
a given  resolution,  while  an  FM  quality  circuit  (30  to  15,000  Hertz)  can  be  used 
to  reduce  image  transmission  time  by  a factor  of  eight,  with  room  enough  left 
over  for  simultaneous  voice  channel.  At  present,  two  mid-Westem  schools  are 
using  the  sub^carrier  channels  of  their  FM  stations  for  distribution  of  slow 
scan  TV  progra.mming,  and  United  Press  International  will  use  satellite  trans- 
mission of  8 kiloHertz  slow  scan  TV  pictures  to  cable  companies. 


Note:  Narrow  band  video  systems  are  manufactured  by  Colorado  Video,  Inc. 


Box  928,  Boulder,  Colorado  80306 


igxire  4-9A 
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video  transceiver  280 


genero!  aescripnon 

The  Model  280  is  designed  to  provide  narrow  band  video  communications  over  standard  voice  grade 
telephone  circuits.  Three  basic  functions  are  provided; 

1.  A "frame  freeze"  capability  which  captures  a single  image  that  may  be  assessed  for  quality 
before  transmission 

2.  Conversion  of  the  frozen  picture  to  a "slow  scan"  television  signal  suitable  for  transmission 
over  audio  channels 

: Reception  o^  slow  scan  TV  Signals  and  reconversion  to  a still  image  on  a normal  TV  monitor. 

In  the  transmission  mode,  the  280  accepts  a conventional  CCTV  mput  signal  which  .s  digitized  on  com 
mar.o  and  fed  to  a solid  state  digital  memory.  The  output  of  the  menr.ory  is  then  displayed  on  a TV 
monitor  which  indicates  the  exact  quality  of  the  image  to  be  transmitted.  Once  a transmit  command  is 
given,  the  memory  is  read  out  slowly  from  left  to  right,  with  a white  curror  on  the  TV  mortitor  screen 
snowing  the  degree  of  picture  completion.  Twe  sending  speeds  are  available:  35  seconds  for  a single 
field  pictuie  with  256  x 256  memory  elements,  and  74  seconds  for  a full  frame  picture  with  256  x 512 
elements,  dot  interlaced. 

In  the  receiving  mode,  the  280  accepts  properly  formatted  slow  scan  P;  input  signals  and  reconstructs 
a conventional  TV  still  picture,  using  the  same  memory  which  provided  frame  freeze  for  transmission. 
Image  retention  is  indefinite  unless  deliberately  erased  or  power  to  the  280  'S  losi. 

Features  of  the  Model  280  include; 

Completely  solid  state  design 
Operation  in  moving  environments 
Remote  control 

Plug-m  circuit  cards  for  simplified  maintenance 

Real  time  monitoring  of  A/D  operation 

"Gen-locf;"  to  other  video  sources  for  systems  operation 

Optional  operation  at  625  line,  220  VAC,  50  Hertz 


FIGURE 
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4 . 3 Digital  Modulation  for  T\^  Broadcast. 

4.3.1  Digital  Representation  of  Video. 

In  order  to  provide  a digital  representation  of  an  NTSC  video  signal 
(4.2  MHz  video  bandxrtdth)  it  is  possible  to  sample  at  the  Nyquist  rate  of 

8.4  megasamples , and  then  use  10-bit  words  for  each  sample,  thereby  result- 
ing in  a PCM  bit  stream  of  84  Mbps.  However,  this  requires  a carrier  spec- 
trum bandwidth  of  84  MHz  if  quadriphase  modulation  is  used,  and  it  is  a major 
effort  in  Japan,  Europe,  and  the  USA  to  reduce  the  bit  rate  to  one  suitable 
for  transmission  through  a 36  MHz  channel  for  NTSC  color,  or  a 6 MHz  channel 
for,  example,  video  conferencing. 

Many  techniques  have  been  developed  to  reduce  video  data  rates;  see 
Figure  4-10. 

In  these  techniques,  the  use  of  differential  PCM  techniques  (Figure  4-11), 
has  been  successful  to  reduce  the  data  rate  to  as  low  as  22  Mbps  (NEC).  The 
us ^ of  Hadamard  Transform  techniques  can  reduce  this  data  rate  to  as  low  as 
6.3  Mbps  (T2  carrier)  and  special  DCPC  and  frame  storage  has  been  used  to  reduce 
the  digital  representation  of  a black  and  white  or  color  TV  video  signal  to 
as  low  as  1.5  Mbps  (T1  carrier).  These  latter  rates  are  used  for  video 
conference . 

4.3.2  Digital  Representation  of  Voice. 

Not  only  will  the  amount  of  data  to  be  transmitted  increase  with  each 
succeeding  year,  but  also  how  the  data  is  used  will  change,  bringing  about 
new  methods  of  doing  business,  new  methods  for  education,  practice  of 
medicine,  etc.  Hence,  the  satellite  communications  conimunity  must  not  only 
meet  new  needs  demanded  each  year  and  continue  the  development  of  technology 
for  both  space  and  ground  installations  now  on  a world-wide  basis,  but  also* 
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Block  diagran  for  DPCM  coding  and  decoding 


Figure,  4-10 
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Flcure  4-11 

ACHIEVED  BIT  RATES  FOR  DIGITAL  TELEVISION 
WITH  VARYING  PICTURE  QUALITY 

PICTURE 
"QUALITY'* 

Network 
Teleconference 
Still 


BIT  RATE  (Mbps) 

Quality  levels  are  discussed  In  section  3.1.3. 

All  systems  shown  are  525  line,  system  M. 

Code:  O PCM,  6 Mbps,  color,  full  resolution. 

Q DPCM,  43  Mbps,  color,  (Gatfleld,  I977J. 

Q)  DPCM,  29  Mbps,  color,  reduced  vertical  resolution,  [Golding.  I9723. 

V ^damard  Transfom,  II  Mbps,  black  and  white,  reduced 
[George  and  Hoffman,  I977J. 

^ Hadamard/Slant  Transform.  16  Mbps,  color  [ohlra,  I977J. 

^ Hadamard/Slant  Transform,  6 Mbps.  color,  [ohlra,  1973. 

O DPCM,  1.5  Mbps,  black  and  white,  reduced  temporal  and 
spatial  resolution  [Haskell,  1977]. 

DPCM,  4800-1.5  Mbps,  color,  full  resolution,  frame  storage 
required,  transmittal  rate  matches  channel  bandwidth. 


• ) 
iZ 


develop  communication  technology  designed  to  provide  optimum  use  of  the 
radio  spectrum;  i.e.,  maximize  the  amount  of  information  transmitted  througn 

an  available  bandwidth. 

Total  bits  per  unit  Baseband  bits  per  Bits  per  Hertz 

of  bandwidth  for  a - second  representative  x degree  of  modula- 
3 1 kHz  voice  of  voice  in  3.1  kHz  tion  technique 

gy  used  to  represent 

digitized  voice 

In  the  transmission  of  the  human  voice,  a voice  channel  requiring  only 
1000  bits  per  second  from  a vocoder  (as  compared  to  the  Spade  standard  of  64  Kbps) 
in  a modulation  system  using  two  bits  per  Hertz  will  require  only  2 kHz  of  radio 
frequency  bandwidth  for  the  vocoder  transmission,  as  compared  to  128  kHz  of.  band- 
width for  the  Spade  system  using  the  same  modulation  system.  This  comparison 
must  of  course  be  measured  against  useful  voice  quality  for  each  system. 

Tables  4-26  and  4-27  list  the  various  techniques  which  are  used  to  digitize 
the  human  voice  or  audio  signal.  Note  that,  depending  on  the  quality  required 
of  the  system,  the  digitized  human  voice  can  be  represented  at  bit  rates  from 

a few  hundred  bits  to  64  Kbps. 

4.3.3  Proposed  German  Digital  TV~System 

Experimenters  in  the  Federal  Republic  of  Germany  have  been  very  active  in 
testing  or  designing  digital  TV  through  a satellite  system.  Figure  4-12  shows 
the  experimental  system  tried  via  the  Symphonie  satellite. 

Figures  4-13  and  4-14  show  a digital  TV  system  being  designed  for  use  with 

a digital  TV  satellite  (such  as  TV-SAT). 

Note  that  the  luminance  and  the  color-difference  signals  are  digitized 
directly  and  then  multiplexed  into  a single  digital  bit  stream  which  is  then 
passed  through  a data  reduction  system,  a channel  coder,  and  then  transmitted 
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TABLE  4-  26 


TYPICAL  DIGITAL  REPRESENTATION  OT  VOICE/ 


TYPE  INFORMATION 

BASEBAND 

DIGITAL  TECHNIQUES 

NUMBER  OF  BITS/SECOND 
REQUIRED  TO  REPRESENT  1NF0RMATKN4 

SynttMais*d-Voic«  Coding 
for  3.1  kHz  Vole*  BU 

Linear  Predictive  Coding 

Channel  Vocoder  Using  FFT 

Cepstrun  Homosiorphic  Filtered 
Vocoder 

Fonoant  Vocoders 
Voice  Excited  Vocoder 

400-1200  b/a 
2400-4600  h/a 
2400-4800  b/a 

600-1200  b/a 
7200-9600  b/a 

Digital  Vole*  Coding 
(High  to  Madiun  Quality 
Voice) 

Adaptive  Predictive  Coding 
Forward  Error  Control  PCM* 
Adaptive  Delta  Modulation 
Non-Adaptive  Delta  Modulation 
DPCM  (Differential  PCM) 

PGM 

7200  b/a 
10,000  b/s 
8000-16,000  b/s 

10.000- 32,000  b/a 

30.000- 40,000  b/a 

54.000- 64,000  b/s 

High  Quality  Sound 
0-1S»000  Hz 

PCM  Saa^>ling  Rata  33  kHz 
13-Bit  Accuracy/ Sample 

450,000  b/s 

0?  QUALiTY 


TABLE  4-27 

ACHIEVED  BIT  RATES  FOR  DIGITAL  VOICE 


VOICE 

OUALITY' 


(Representative  Examples) 


REFERENCE 
COMSAT  lABS 

Dr.  J. 


MUAMOtcra  nntii 
« 17  ?• 


CODE: 

Q PCM,  64  Kbpi.  (PRECISION  MONOLITHICS.  SIGNETiCS)  ^ 

R PCM  WITH  SPEECH  INTERPOLATION,  32  Kbpi.  (SIT  SfEMANS  (ITALYI, 

SAT  (FRANCE},  NEC  (JAPAN})  r 

AQVSD  32  Kbp»  (HARRIS,  MOTOROLA,  PHILLIPS  (NETHERLANDS) 

TRT  (FRANCE)) 

A CVSD  WITH  SPEECH  INTERPOLATION,  16  Kbp».  (COMSAT  EXPERIMENTAL) 

O LINEAR  PREDICTIVE  CODER,  2.4  OR  4 8 Kbp».  (TIME  AND  SPACE  PRDCESSING, 
INTERNATIONAL  COMMUNICATION  SCIENCES,  GTE  SYLVANIA,  ITT) 

X channel  VOCODER,  2 4 OR  4 8 Kbpi  (E  SYSTEMS.  PHILLIPS  (NETHERLANDS), 
• ERICSSON  (SWEDEN),  MARCONI  (UK)I 


Dieiial  TA'  wriltir  insvMiaiMi 

A/0  “ aulot•^4itil•l  DM  « 4afBwliifl««cr 


reatrrirr 

SC  « nac'^iirra 

D/A 

m eieiial-tMlOfor 

craeraior 

ceatentr 

S«  H Madtf«aiM<ioa  aaii 

DP 

- DPCM  ^rpmtiKt 

AID  - mulalttor  (A.PSk) 

■ail 

DM  — dftnorfataior  (A-PSK) 

P/S 

m parallct-wial 

ES  m fsfih  ftaitaa 

caaterttr 

} m laminae*  *it*al 

S/P 

• wrial'parallei 

R-)  B~)  m ckrominac* 

c«a»rrifr 

Wfaaiv 

M 

■ aMlii^vrr 

-S]  “ Mwad  ticaali 

EC  • emif  cofTWiag 
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ED  m tmt  dtttvf* 
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I Blockdiagraic  of  the  Genaan  experiaental  digital 
television-systea  tried  via  SYMPEONIE 


FIGURE  4-12 
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Proposed  block  diagram  of  a digital  color  TV  camera 


FIGURE  4-13 


CotBpletely  digital  TV-Sat  System 


i 

Figure  4- 14 
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to  the  satellite.  The  received  digitally  modulated  carrier  is  than  demodulated, 
decoded,  and  then  demultiplexed  and  applied  to  the  TV  color  reproducer. 

This  system  differs  from  the  standard  system  which  provides  digitizing 
the  analog  video  signal  after  it  is  produced  by  combining  the  luminance  and 
a color  subcarrier  (3,58  Mbps)  formed  with  two  color-difference  signals. 

Table  4-28  provides  a comparison  cf  the  carrier  power  required  for  an 
analog  FM-TV  signal,  a digital  TV  signal  in  a standard  transponder,  and  a digital 
TV  signal  in  a regenerative  transponder  on  board  the  satellite.  Note  the 
drastic  reduction  in  all  power  levels  required  of  the  digital  systems. 

4.3.4  Digital  TV  Broadcast  Proposals  from  Great  Britain. 

The  1977  WARC-BS  (Geneva)  Plan  provides  in  most  cases  for  each  country  in 
I.T.U.  Region  1 to  operate  in  five  channels,  each  with  a usable  bandwidth  of 
27  MHz.  The  channel  spacing  is  19.18  MHz  and,  in  general,  the  channels  for  a 
given  country  have  center  freq^iancies  spaced  at  about  77  MHz.  The  basis  of  the 
plan  is  the  use  of  FM  television  signals  with  about  13-MHz  peak-to-peak  deviation. 
For  any  new  television  system  it  would  be  unattractive  to  employ  more  than  one 
RF  channel  for  the  same  picture.  .\.lso,  if  any  new  transmission  system  is  used, 
each  signal  would  not  only  have  co  be  confined  to  the  27-MHz  channel,  but  would 
also  have  to  conform  to  the  power  limits  and  protection  ratios  prescribed  in  the 
Plan  in  order  to  protect  other  television  services  using  the  standard  FM  signals. 

If,  as  seems  desirable,  a new  high-definition  standard  employs  digital 
transmission,  and  uses  separate  luminance  and  chrominance  signals  (to  avoid 
cross-color  and  other  band-sharing  problems  of  NTSC,  PAL  and  SEGAM) , G.  Phillips 
and  R.  Harvey  have  addre-’sed  the  problem  that  the  extent  to  which  the  picture 
quality  could  be  improved  is  quite  limited  if  it  is  to  be  confined  to  one  27-MHz 
channel,  illustrate  the  difficulty,  the  following  represents  a possible 
system,  but  this  may  well  be  based  on  over-optimistic  assumptions  regarding  inter- 
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TABLE  4- 28 


Comparison  of  the  Transmitter  Power  for  the  Satellite 
and  Earth  Stations  for  the  3 Systems  and  Summarization 
of  the  General  Assumption 


Analog  FM-Tl’ 

Digital  TV 
with  Analog 
Transponder 

Complete  Digital 
TV  with  Regener. 
Transponder 

TV-Receiver 

13  dB 

8 dB 

8 dB 

C/N 

Satellite 

356  W 

94  W 

47  W 

p 

Transm 

(3) 

Earth  Station^ 

740  W 

195  W 

47  W 

(1) 

(S/N)„  . . ^ , 
Weighted 

* 

50  dB 

G/T 

Diameter 

m 

7 DBI/K 
IM 

BER 

m 

10  ^ Uncoded 

BER 

m 

10  ® Coded 

(2) 

Q 

Transm 

BE 

40  DBI 

^Down 

m 

12  GHz 

G/T 

m 

7 DBI/K 

(3) 

Diameter 

- 

IM 

^Up 

- 

19  GHz 

G 

m 

42  DBI 
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ference  and  the  economics  of  the  required  antenna  and  decoder  for  the  receiver. 


Lines  per  picture 
Aspect  ratio 
Picture  frequency 
luminance  bandwidth 
Chrominance  bandwidth 
Coding 

Bit  rate  at  Nyquist  limit 


819 

4 by  3 (present  value) 

30  Hz  (interlace  with  60  fields/s) 

8 MHz  total  video 

2 MHz 

4 bits/saraple  (e.g.,  DPCM) 

80  Mbit/s 


The  suggested  transmission  system  is  a 16- level  signal  at  20-MHz  clock-rate 
basad  on  a 4 by  4 matrix  of  amp lif’ide/ phase  modulation,  hut  this  would  be  subject 

3 

to  an  error  rate  of  1 in  10  at  a carrier- to-noise  ratio  (C/N)  of  19  dB.  Error 
correction  would  be  needed  and  the  bit-rate  for  the  error-correcting  code  could 
correspond  to  the  saving  available  during  the  line  and  field  blanking  periods. 

To  ensure  that  the  proposed  condition  C/N  - 19  dB  corresponds  to  17-  of  the  worst 
month,  the  receiver  G/T  would  have  to  be  5 dB  better  than  that  asstimed  in  the 
Geneva  Plan. 

4.4  Sound  Interactive  Satellite  System 

Table  4-29  is  a table  from  CCIR  Document  10-11/1 1041E  illustrating 
a Candidate  sound  interactive  link  operating  with  a 12  GHz  broadcast 
satellite.  In  this  system,  an  FM  bandwidth  of  50  KHz  is  used  and  a satellite 
EIRP  is  used  with  an  earth  terminal  G/T  of  16db  to  provided  an  audio  fre- 
quency signal-to-welghted  noise  ratio  of  41.9  db. 


jf 
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Fxample  of  System  Para.-neters  for  Sound  Interactive 
Satellite  Connections  according  t Doc  10-11/1104/E 


Parameters 


Example 


1,  Sys  tem 

Frequency  of  carrier  (MHz) 

Type  of  modulation 

Frequency  deviation  (pre-emphasis  75  s)  (kHz) 

Audio-frequency  bandwidth  (kHz) 

Total  radio- frequency  bandwidth  required  (kHz) 

Carrier- to-noise  ratio  before  demodulation  (for  997,  of  the  time 
in  the  least  favorable  month)  (edge  of  beam)  (dB) 

Corresponding  audio- frequency  signal-to-unweit  ted  noise  ratio 
Including  de-emphasis  ("edge  of  beam)  (dB) 

Audio- frequency  signal-to-weightt'^  noise  ratio  (dB)  ^ 


12000 

FM 

+25 

5 

60 

19 

51.2 

41.9 


2.  Receiving  Installation 


Figure-of-merit,  G/T,  of  receiver  (dB) 

Required  flux  (edge  of  beam)  (997,  of  time  in  most  unfavorable 
month)  (dB(W/m  )) 

Free-space  attenuation  between  isotropic  sources  35.786  km 
apart  (dB) 

Additional  free-space  attenuation  for  an  angle  of  elevation  of 
40°  (dB) 

Total  atmospheric  attenuation  for  997,  of  the  time  in  the  most 
unfavorable  month  (dB)^^^ 

Up- path  noise  (provisional  value)  (dB) 

Required  EIRP  from  satellite  at  edge  of  beam  (dW) 


16 

-134.3 


205.1 

0.5 


1.0 


0.5 

29.3 


3 . Satellite  Transmitter 

Antenna  beAwidth  at  -3  dB  points  (degrees) 

Antenna  gain  at  edge  of  service  area  relative  to  an  isotropic 
source  (dB) 

Loss  in  feeders,  filters,  joints,  etc.  (dB) 

Required  satellite  transmitter  power  (dBW) 

For  6 carriers  sharing  transponder  with  video  carrier 
For  50  carriers  sliaring  linear  transponder 


(n  Assuming  weighting  filter  of  Pcc.  (468-3). 

(2i  In  accordance  with  the  definition  in  the  example  shown  in  the  Annex  to 
Draft  Report  ('473-2). 

(3)  Examples  valid  for  an  angle  of  ele.'ation  of  about  40  and  Rosman,  N.C.  climatic 
conditions. 
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Nl*  EC-6/3  Digital  Televisfcr:  Terminal 

(For  Video  Conference  Use) 


The  NETEC-6  3 is  a low  bit  rate  in* 

SpecificattoDS 

terframe  encoder  decoder  which 

1 

Vrdeo  Signal  Encoding 

i 

converts  standard  NTSC  color  or 
monochrome  television  sipials  into  6 

Video  input, 'Output 

Standard  NTSC  color  or  monochron.c  television  signals 
1 Vp-p  at  75  ohms,  unbalanced 

Mbps  bit  stream  with  audio  signal 

T ransmission  bit  rate 

5.3/3. 1 Mbps 

and  control  data. 

Signal  to  noise  ratio 

45  dB  unweighted 

Operation  at  3 Mbps  is  also  possible. 

Audio  Signal  Encoding 

Features 

Bandwidtn 

50  to  5000  Hz 

• Economical  video  transmission 

Sound  input/output 

Maximum  >12  dBm  at  600  ohms,  balanced 

for  long  haul  teleconferencing 
* Digital  interframe  coding 

Signal  to  total  distortion  ratio 

Greater  than  35  dB 

Dimensions 

600(W.lx  740(D)  X 1515(H)  in  mm 
236(W)  X 291(D)  x 596(H)  in  inches 

• 1/15  or  1/30  transmission  bit  rate 

compression 

r 

1 

Vidao  Codac  Products 

' 

• Transmission  over  parallel  4(2)  T1 

Application 

Bit  Rate 

lines  (6.3 or 3.1  Mbps) 

NETEC-22H 

Broadcast  TV 

22  to  30  Mbps 

• Monochrome  NTSC  color  televi- 
sion signal 

HO-OPCM 

Broadcast  TV 
ITV 

45  Mbps 
32  Mbps 

Audio  and  control  data 


3 to  6 Mbps 


NETEC-6-3 


Conference  TV 


Optical  Analog  Transmission  Equipment 


For  simple  video  transmission  or 
FDM  transmission,  the  analog  fiber 
optic  system  is  recommended.  The 
hybrid  transmission  system,  which 
can  transmit  any  bit  rate  below  the 
specific  speed,  is  suitable  for  data 
transmission  or  video  analog 
transmission  in  pulsed  form  such  as 
PFM-IM. 

Major  Parameters 


Features 

• Immunity  from  noise  interface 

• No  crosstalk 

• Compact  design  and  low  power 
consumption 

• Low  cost 

• Analog  baseband  signal  interface 
with  terminal  equipment. 


Direct  IM  ! PFM-IM 

Transmission  System ! Transmission  System 

Remarks 

SiQnal 

Video  signal  with  audio  signal 

Electrical 
1 0 Interface 

Video  signal  1 Vp-p  (7Sn  unbalanced) 
Audio  signal  0 dBm  (600n  balanced) 

Base  band 

Light  Source 

LED  LD 

Photosensor 

APD  APD 

Transmission 

Range 

6 1 km  9.8  km 

When  S 0 -c.p  Nrms 
of  videc  signal 
is54dB 

• Optical  fiber  of 
3.5  dB.  km  IS  used 

• Overall  system  margin 
of  S'N  is3dB 

:n  optical  level 

• S N of  audio  signal 
IS  45  oB  or  more 

Dower 

Consumotion 

Transmitter  d VA  Tranamitter  18  VA 

; Receiver  6VA  ; Receiver  18  VA 

j j 
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FUJITSU  VIDEO  DIGITAL 
FUJITSU  TRANSMISSION  SYSTEM 
LIMITED  "FEDIS-SERIES” 


FEDIS-SERIES  REALIZES  AN  ECONOMICAL  VIDEO  TRANSMISSION 
SYSTEM  FOR  DIGITAL  NETWORK 


...  k j 

quality 


FEATURES 

• High  band  compression  ratio  ( FED  IS  1.5  45) 

• Employment  of  LSI  A/D,  D/A  and  Memories,  etc  permits  compact  sik:e  and  assures  high  reliability 

• Voice  or  data  channel  in  eluded  (option) 

• OPTICAL  FIBER  LINK  interface  available  (option) 


FEDIS-SERIES 


Model 

I/O  Signal 

Encoding 

Transmission  Speed 

Applications 

FEDIS-1.5 

1 MHrMMHz  TV 

Interframe  coding 

1.5Mb/s(DS-1> 

Teleconference 

FEDIS-6.3 

4MHz 
Color  Video 

6.3Mb/s  (DS-2) 

FEOIS-20 

20  Mb/s 

ITV 

CATV 

FEDfS-32 

Intraframe  Coding 
IDPCM) 

32  Mb/s 

FEOIS-45 

45  Mb/s  (DS-3) 

FEDIS-100 

PCM 

75  ~ lOOMb/s 

FEDISe.3 


FEDIS-32 
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(FEOIS:  Erficint  Digital  Imaga System) 


Basic  Configuration  of  FEDIS  SERIES 
(Transmitting  side) 

C"’  ■'  . 

r* 

i-  V V, 

FEDIS-1.5.-6.3.-20 


CONTROL 


FEDIS.32,  -45 


CONTROL 


Technical  Note: 

1 . Buffer  memory,  variable  length  word  coder,  error  correcting  coder,  multiplexer  and  line  interface  including  optical 
fiber  cable  interface  are  included  in  "LINE  INTERFACE”. 

2.  Voice  coder  permits  broadcasting  sound  quality. 


FUJITSU 
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Fuirttu  Limited.  6-1,  Marunouchi  2-chome,Chiyode-ku,  Tokyo  100,  Japan  Telephone;  03-216-3211  Telex:  J22833 


FUJITSU 

LIMITED 


6.3Mb/s  COLOR  VIDEO 
TRANSMISSION  CODEC 
FOR  TELECONFERENCE 


Qu-iLiTY 


Fujitsu  has  developed  a color  video  signal  CODEC  for  tele- 
conferences, using  a highly  efficient  band  compression  tech- 
nology. This  CODEC  attains  1/15  band  compression,  en- 
abling a 4 MHz  color  video  signal  to  be  placed  on  the  PCM 
2n^  stage  multiplex  level  (6.3  Mb/s)  instead  of  100  Mb/s. 
New  dot  interlace  technology  and  D PCM  coding  are  used 
to  realize  the  band  compression. 

Features  of  the  equipment 

o By  use  of  dot  interlace*,  1/4  band  compression  is  at- 
tained. 

* The  codec  transmits  1/4  of  the  whole  picture  ele- 
ments' information  in  one  field  period  and  a full 
picture  is  reproduced  with  a frame  memory  in  the 
receiving  side. 

o Chrominance  signal  and  luminance  signal  are  split  by  the 
digital  filter  following  the  high  speed  CODEC, 
o TCM  is  used  to  multiplex  the  split  signals, 
o D PCM  to  the  TCMed  signal  is  used  to  attain  1/2  bend 
compression. 

o To  improve  the  response  performance  of  a reprc<hjced 
picture  to  movement,  the  moving  area  is  reproduced 
using  the  latest  frame  dot  interlaced. 


(This  equipment  was  developed  under  the  guidance  of 
NTTPC.) 


Block  Diagrm  of  6.3  Mb/s  Color  Video  Codec 


Block  Diagram  of  6.3  Mbit/s  Color  Video  Codec 

8 Bits/PEL  Sampled  PCM  signal 


4Bits/PEL 


(RECEIVING  SIDE) 


Main  System  Parameters 


Input  signal  1 

NTSC  color  video  signal  (4.2  MHz  band) 
263-line  non  interlaced 

Sampling  frequency 

14.3  MHz 

A/D,  D/A  converter 

Linear  coding,  8 bit/sample 

Color  signal  processing 

TCM  (Time  Compression  Multiplexing) 

Band  compression 

1/4  dot  interlace,  DPCM,  1/15  band  compression 

Frame  memory 

957  kbit 

Transmission  speed 

6,312  Mb/s  (DS2  level) 

ocniAi/cvc 
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FUJITSU 
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Fu|it»u  Limited:  6-' . Vaf-j'^ouchi  2-cnome  Chiyod*  «j  Tokyo  100  Japan  Telephone  03  2 16  32 n , Tele*  J22833 
Math  Product*  ' SkvTchiog  System  • C*"'*f  4 >3adio  Syiiemi  ■ Coniputtr  Syitemi  • Data  Communications  Systems 
• Samiconductors-Eltct'onic  Component* 


STEREO  SOUND  PROGRAM 
FUJITSU  TRANSMISSION 

LIMITED  EQUIPMENT 


OF  FGC^.  ' 


Fujitsu  stereo  sound  program  transmission  equipment  is  used 
to  construct  a high  performance  stereo  sound  program  circuit 
in  a digital  transmission  system.  This  ^uipment  provides  a 
15  kHz  stereo  program  circuit  of  CCITT  J.21  grade.  To 
multiplex  the  two  high  performance  stereo  chsuinels  on  the 
limited  bit  rate  PCM  first  stage  multiplex  level  0.544  Mb/s), 
advanced  technologies  are  used  in  the  equipment 

Sophiscated  CODEC 

13  bit  linear  coding  with  a 7-segment  digital  compander 
realizes  —57  dBmOps  noise  performance  using  only  11 
bits,  leaving  one  bit  for  error-correction. 

Low  noise  technique 

To  obtain  transmission  quality  effectively  equal  to  a 10~® 
error  rate  on  a ■’3“®  error  rate  line,  a convolutional  error- 
correcting  code  is  applied  to  the  upper  3 bits.  Besides  this, 
critical  noise  produced  by  excess  error  rate  or  burst  error, 
is  suppressed  by  dropping  analog  output  to  "no  signal 
level"  over  these  periods. 

Flexible  adaptability  to  network  plan 
At  PCM  level,  the  self-contained  functions  of  branching 
control  and  drop/insert  control  permit  a flexible  program 
signal  distribution  plan  in  the  network. 

(This  equipment  was  developed  under  the  guidance  of 
NTTPC.) 


stereo  Sound  Program  Transmission  Equipment 


Block  diagram  of  sound  program  transmission  equipment 

B.M  b.z^qck_ ^ 


IN/OUT  block 


[A]  stereo  CH  | __  f~~*' 

[U p (|) CHS  - COD 


COD 


EC 

COD 


W ARR 


[R1 

(B1  stereo  CH 

lU' 


1.544  Mb/s 
AMI  signal 


lock^- 

... 

■ f 

MON 

CLK  & CONT 

■ R CH  block-- 


[Rl- 

[Al  stereo  CH 
[L]- 

(Rl. 

[Bl  stereo  CH 
[U" 


CHR 


h 


CHR 


U 


DEC  H 


EC 

DEC 


.1! 


1.544  MHz 
clock 


IN/OUT  block 


H REARR 


L 


1.544  Mb/s 
AMI  signal 


Main  system  parametan 


Channel  capacity 

1 2 stereo  CH/1. 544  Mb/s 

Input  signal  band 

1 0.04- 1 5 kHz/eOOn  balance 

Sampling  frequency 

; 32  kHz 

Encoding 

l3-bit/sample  linear  encoding  + D/D  companding 

Companding  law 

7 segnnent  ( 1 3-bit  -►  11  -bit) 

Over  load 

1 +12dBmO 

Error  correcting 

1 Convolutional  code 

Word  configuration 

, 1 1 -bit  data  + 1 check  bit 

Countermeasure  'or  burst  error 

Replacement  to  silent  signal 

Line  code 

i 1.544  Mb/s  AMI 

Standard  circuit  configuration 

1 3 iinks 

Mounting 

j 2 stereo  CH/standard  rack  (2750  mm) 

Power 

T -48  V DC 

FUJITSU 


liilll'li 
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5.0  TV  BROADCAST  SATELLITES 


5 . 1 Introduction 

This  section  will  discuss  the  status  and  technology  of  TV  broadcast 
satellites  to  serve  requirements  specified  by  BS-WARC-77  and  WARC-79  at  UHF, 
S-band  (2.54  GHz)  and  the  new  frequencies  of  12.2-12.7  GHz  in  region  11. 

These  satellites  will  be  primarily  directed  toward  high  EIRP  designs,  e.g., 
in  the  60-65  dbw  range  at  12  GHz  in  order  to  make  possible  the  low  cost  small 
earth  terminals  to  be  discussed  in  the  next  section.  However,  the  discussion 
will  also  include  lower  EIRP  TV  broadcast  satellite  in  the  50-55  dbw  EIRP  range 
as  presently  in  use  in  Canada  via  ANIK-B  and  ANIK-C,  and  as  is  presently  being 
planned  for  use  in  Australia. 

This  section  will  first  review  salient  features  of  existing  TV  broadcast 
satellites  design  and  technology  of  broadcast  satellites  which  can  fulfill  the 
following  requirements; 

o Have  payload  weight  cc'^-atible  with  Delta  and  Atlas  Centaur  class 

launch  vehicles  until  1986  (first  available  dates  for  new  payloads  on 
the  Shuttle)  and  then  for  Space  Shuttle  and  STS  launch. 

o Provide  the  required  number  of  TV  channels  and  contoured  antenna  beams 
with  the  required  EIRP  while  us’ng  optimum  characteristic  and  structures 
for  the  bus,  IWTA,  multiple  beam  antenna,  and  attitude  control  and  point- 
ing accuracy. 

o Maximum  communication  channel  capacity  conmensurate  with  maximum  payload 
we  igb 1 . 

o Antenna  sidelobe  characteristics  for  closest  orbital  spacing  and  minimum 
iuterfe’-ence  between  broadcast  satellites. 
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5.2  TV  Broadcast  Satellite  Design  Parameters 


Table  5-1  lists  the  critical  design  parameters  of  a TV  broadcast  satellite 

V 

which  will  influence  the  ability  to  provide  required  EIRP  and  contoured  antenna- 
beam  oattems  on  earth.  The  costs  associated  with  the  principal  parameters  in- 
volved - weight  and  dc  power  will  be  discussed  in  Section  7. 

The  initial  criterion  of  a broadcast  satellite  is  the  specification  of 
the  EIRP  into  a given  area  or  footprint,  and  the  number  of  channels  required  at 
that  EIRP. 

The  next  step  is  then  to  determine  the  antenna  gain,  number  of  feeds,  and  the 
number,  efficiency,  and  size  of  power  amplifiers  required.  This  will  b:igin  to 
define  critical  mass  and  dc  power  requirements  which  the  overall  satellitfi  must 
meet.  These  requirements,  added  to  the  requirements  of  the  remainder  of  the 
transponder  (exclusive  of  power  amplifiers  already  considered)  define  the  basic 
payload  mass  and  power  requirements  (including  antenna). 

The  payload  mass  and  dc  power  requirements  can  then  be  used  to  define  a 
satellite;  bus  ’’hich  has  a structural  size,  mass,  and  ability  to  provide  dc  power 
from  a solar  array  or  batteries.  This  will  lead  to  a basic  dry  mass  and  size, 
of  a structure  to  which  must  be  added  the  mass  and  weight  of  hydrazine  fuel  for 
attitude  control,  the  apogee  kick  motor  and  fuel,  and  the  thrust  systems  for 
achieving  the  transfer  orbit.  This  wUl  lead  to  a satellite  system  size  and 
weight . 

The  satellite  system  size  must  be  compatible  with  the  room  inside  of  the 
fairing  of  a launch  vehicle,  and  must  be  consistent  with  the  ability  of  the 
vehicle  to  launch  its  weight. 

The  pacing  critical  parameters  are: 
e Satellite  total  EIRP  Satellite  mass  (in  orbit) 


Satellite  DC  po” 


Launch  vehicle  capability  - size  and  weight 


TABLE  5-  1 

Basic  Satellite  Design  Parameters 


Parameter 

Satellite  Experience 

Consideration 

In-Orbit  Mass 

Includes  satellite  mass  plus 
weight  of  fuel  required  to 
sustain  attitude  control  over 
lifetime,  plus  weight  of  dry 
AKM 

Launch  Vehicle 
Payload  Mass 

Weight  of  satellite  plus  all 
thrust  mechanisms  required  to 
transfer  satellite  into  orbit 

Satellite  Size 

i 

Spinner  vs  3-axis 
stabilized 

j 

j 

i 

Constrained  by  launch  vehicle 
fairing  for  expendable.  launch 
vehicle.  On  Shuttle  - by  the 
cradle  and  bay  length-cost 
consideration 

DC  Power 

Related  to  in-orbit 
mass  (Fig. 5-  i) 

1 

Constrained  by  the  satellite 
size  - the  the  size  of  solar 
cell  array  in  body  stabilized 
system,  by  the  external  surface 
in  a spin  stabilized  system 

RF  Power 

Related  to  dc  power 
for  satellite  bus  - 
Broadcast  satellite 
TWT  in  the  40-500  watt 
range 

Constrained  by  efficiency  of 
power  amplifier,  number  of 
channels  and  EIRP  required,  and 
by  power  required  of  satellite 
bus,  receivers,  attitude  control, 
and  TT&C  system 

Antenna 

Antenna  mass  related 
to  overall  on-orbit 
satellite  dry  mass 

Provides  with  power  amplifier, 
the  satellite  EIRP.  Will  be  a 
large  system  in  60  dbw  EIRP  sat. 

Payload  including 
Antennas 

?,  payload  mass  to  in- 
orbit  satellite  dry 
mass  critical 

Provides  basic  satellite  repea tei 
function 

1 

Sate  1 lite 
Sensitivity  (G/T) 

Needed  to  assuie  oper- 
ability of  up-link. 
Determines  earth 
terminal  EIRP 

Served  by  the  anteniu  gain 
and  low  noise  amplifiers  in 
the  transponder 
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TABLE  5-  1 (Continued) 


Basic  Satellite  Desien  Parameters 

Parameter 

Satellite  Experinece 

Consideration 

1 

Attitude  Control 
and  Pointing 
Accuracy 

Determines  the  ability 
of  satellite  to  maintain 
a footprint  on  earth  to 
a H^.l  degree  accuracy 

Provided  by  attitude  control 
system,  including  spinner 
action  (spinner)  or  momentum 
wheels;  requires  fuel  and 
sensors  to  maintain  attitude 
control  over  satellite  lifetime 

DC  Bus 

Critical  to  end-of- 
lifa  specification 

a 

Determined  by  solar  cells  and 
bus  system  efficiency  during 
sun  exposure;  by  batteries  in 
eclipse . 

5.2.1  Broadcast  Satellites  vs  Concnunication  Satellites 


Broadcast  satellite  design  is  very  different  from  communication  satellite 

V 

design.  The  difference  is  in  the  njimber  of  channels  and  the  per  channel  EIRP 
required  and  serviced.  In  the  COMSTA.R  and  SATCC^  satellites,  for  example,  24 
comnunication  channels  are  provided,  with  each  channel  using  a TWTA,  at  around  the 
5-watt  level,  and  producing  EIRP' s in  the  30-dbw  range. 

The  broadcast  satellite  will  have  much  fewer  channels;  TV-SAT  (Germany), 
for  example,  will  provide  only  4-5  channels,  each  using  a high  power  IWTA 
in  the  300-400  watt  power  output  range,  and  a high  gain  antenna  providing  a 
narrow  contoured  beam,  where  possible,  to  illuminate  a specific  area.  In  the  case 
of  the  TV-SAT,  no  TV  broadcast  is  provided  during  eclipse. 

Table  5-2  lists  several  of  the  TV-broadcast  satellite  characteristics  related 
to  antenna  beamwidth  and  RF/DC  power  now  under  consideration  for  st^veral  European 
countries. 

Figure  5-1  plots  the  change  in  EIRP  and  dc  power  for  broadcast  and  commercial 

satellites  showing  that  commercial  communication  satellites,  while  increasing 
in  dc  power,  tiave  remained  in  the  20-35  dH.  range  while  increasing  the  number 
of  channels. 

5.2.2  Satellite  Mass  vs  Primary  Power 

Figure  5-2  relates  the  satellite  in-orbit  mass  to  primary  dc  powar  of  various 
present  day  satellites  .'bowing  how  a unique  relationship  exists  between  the<.e 
two  parameters  over  wide  ranges  of  power  and  mass.  Note  that  at  the  1000  kg 
level  (the  present  day  limitation  of  the  Atlas-Centaur  launch  vehicle)  around 
1000-14000  watts  are  the  limit  of  dc  power  provided  by  the  solar  array. 

In  the  case  of  Intelsar-V,  the  satellite  is  designed  to  provide  an  initial 
dc  power  of  1400  watts  from  the  solar  array,  with  the  provisions  of  the  power 
being  reduced  to  1000  wa,tts  after  a seven  year  life. 
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TABI£  5-2 


TYPICAL  TV -BROADCAST  CHARACTERISTICS  - EUROPE 


TWTA  Power  Per  Channel 

Countty  Antenna  Beamwl^th  rf  Output  DC-Power 


Germany 

o 

d 

x 

o 

230  W 

600  W 

F ranee 

2.5°  X 1.0° 

350  W 

920  W 

O ^ ' 

“HI  ’ 1 

United  Klngdcxn 

1.8°  X 0.7° 

250  W 

650  W 

r 

C'  * 

Italy 

2.5°  X 1.0° 

350  W 

920  W 

- 

jr ' 

f ■ ‘ 

Jugoslavia 

1.7°  X 0.7° 

250  W 

650  W 

j ""A 

North  Countries 

East-Region 

2.0°  X 1.0° 

A50  W 

1180  W 

West-Region 

2.2°  X 0.8° 

250  W 

650  W 

/ 

/ 


ur 


EFFECTIVE  ISOTROPIC 

radiated  power, 

dBW 

(per  channel) 


power,  WATTS 


YEARS 

Figure  5-1 
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The  mass  ranges  of  Figure  5-1  make  an  excellent  introduction  to  the  next 
section  which  will  discuss  the  launch  mass  capabilities  of  available  launch 
vehicles . 


5.3  Uunch  Vehicle  Payload  Capabilities  in  the  Expendable  Launch  Vehicle 


and  the  Shuttle  Eras. 

The  space  shuttle  and  its  capability  of  providing  low  cost  launches  into 
low  earth  orbits  (less  than  160  miles  and  requiring  an  additional  launch  stage) 
initially  led  to  almost  a discontinuance  or  early  phase-out  of  the  Atlas-Centaur 
and  Delta  class  launch  vehicles,  which  were  the  backbone  of  satellite  launches 
in  the  1960-1970  period. 

With  the  slippage  of  the  Space  Shuttle  and  the  successful  development  of 
both  Europe's  ARIANE  sponsored  by  ESA  and  Japan's  N-Rocket,  the  Atlas-Centaur 
and  Delta  class  rockets  are  not  only  being  made  continuously  available  with  up- 
grades in  load  capability,  but  the  At  las- Centaur  upgrade  must  be  considered  as 
a very  real  answer  to  the  growing  economic  competitive  threat  of  the  ARIANE 
rocket  which  is  now  assured  many  European  payloads  and  which  will  carry  some 
Intelsat-V' s.  The  Atlas  Centaur  development,  Circa  April  1980,  is  shown  in 

J ^ 

Figure  5-3.  The  Ariane  developments  are  shown  in  Figure  5-4. 

In  the  early  1970' s,  the  Delta  2914  and  the  Atlas-Centaur  handled  the  sateL 

lite  payloads  having  geosynchronous  weights  of  800  lbs  and  2100  lbs  respectively 
as  shown  in  Table  5-3.,  The  Delta  3910  (sponsored  by  RCA  for  use  with  SATCOM) 
and  the  Delta  3914,  were  also  developed  in  the  1970' s and,  with  the  ARIANE  and 
the  STS  system  also  in  the  development  stage,  broadcast  satellite  spacecraft 
system  design  was  limited  to  payloads  in  the  800-2100  pound  class  (300-900  kg) 
by  this  launch  vehicle  availability.  Table  5-4  illustrates  the  on-orbit 
mass  in  Kg  and  the  primary  pbwer  in  watts  of  most  of  the  satellites  built  and 
launched  or  designed  for  launch  during  the  era  of  the  1970' s showing  the  upper 
mass  level  of  one  kilogram  and  the  dc  power  level  of  1 KW  o*'  these  satellites. 

Figure.  5-5  shows  the  'aunch  vehicle  history  and  availability  during  the 
nest  six  years  as  set  forth  by  C.  L.  Cuccia  and  R.  J-  Rusch  at  the  AIAA  8th 
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Communication  Satellite  Systems  Conference  in  April  1980,  showing  the  Atlas- 
Centaur  and  Delta  3910,  the  Delta  3920  which  will  be  available  in  1982,  and 
the  upgraded  Atlas-Centaur  whose  load  capability  is  being  increased  to  almost 
5000  pounds. 

Any  new  user  or  designer  of  a space  comnunication  system  which  requires  a 
launch,  simply  cannot  achieve  a reservation  on  a STS  launch  until  1986  and 
must  rely  on  the  Delta  3910,  Delta  3920,  At las -Centaur,  and  the  ARIANE  vehicles 
to  provide  that  launch. 


Figure  5-3 
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TABLE  5-3 

Launch  Vehicle  Pavloads  - 1976 


Launch  Vehicle 

Synchronous 
Transfer  Orbit 
Payload  (Lb) 

Synchronous 
Equatorial  Orbit 
Payload  (Lb)* 

N- Vehicle  (Japan) 

550 

260 

Delta  2914 

1550 

800 

Delta  3914 

2000 

930 

Ariane  (ESA)* 

3300 

1830 

Atlas-Centaur 

4150 

2100 

* Not  tested  until  1979 
**  Assunves  AKM 


-147- 


MASS 


OF  POOH  QUA=-iiV 


Increase  In  launc’  Vehicle  Capability 


MOO  — . 


4000  — 


P 

/ 


A4  A 


STS 


$TS/SSUS'A 


/ 

/ 


--1^  / 

ftfl'ANt  M 

I -4MTM0; 
(Y"  PRESENT  RESEB. I 
193S  k9 


17»  H 


1E10  ‘9 
:ST 


A3V  STSPiV  : 
^ STS-PAM  STRETCH  3 


C 


TITO 


T«72 


H7* 


1*78  '171  'ISO  'K7 

YEARS 


FIGURE  5-5 


-148- 


St  III 


T 


LTA  JiTZ 


•CE 


5 . 4 Design  Aspects  of  TV-Broadcast  Satellites 

Table  5-4  Uses  the  various  technologies  which  tnusc  be  addressed  in  design- 
ing a satellite.  They  include  system  oriented  technologies,  pacing  technologies 
which  contribute  to  the  satellite  system  capacity  and  constraining  technologies 
which  determine  the  size,  weight,  and  mass  of  the  satellite  system  which  is 
placed  into  orbit.  The  pacing  technologies  are  used  to  produce  the  capacity 
requirements  of  the  overall  system  once  the  constraining  technologies  have 
determined  the  size  and  weight  which  can  be  orbited. 

All  satellite  development  during  the  1970' s has  been  in  the  direction  of 
increasing  and  maximizing  capacity.  INTELSAT-V,  for  example,  represents  an  in- 
crease in  capacity  of  more  than  12  times  over  INTELSAT-III  (at  the  start  of  the 
decade)  with  an  increase  in  in-orbit  mass  of  around  7 times. 

The  key  pacing  technologies,  therefore,  are  those  related  to  the  satellite 
structure  and  to  the  RF  system  which  encompasses  the  satellite  antennas,  the 
power  amplifiers,  the  low  noise  receivers  and  lightweight  filters. 

Table  5-5  lists  important  broadcast  satellite  technology  areas  which,  in 
effect,  reflect  these  pacing  technologies  as  identified  by  Dr.  Van  Trees 
( Table  5-5),  at  the  AIAA  6th  Conniunication  Satellite  Systems  Conference  in 
Montreal,  Canada,  in  April  1976.  These  technology  areas  highlight  a number  of 
areas  where  key  new  technology  developments  are  reconmended  to  take  pla  e during 
the  next  three  decades.  In  general,  Dr.  Van  Trees'  predictions  identify  satcom 
technological  developments  in  the  following  areas. 

o Satcom  antennas  for  improved  utilization  of  the  radio  spectrum  by  the 
use  of  dual  polarization  and  high  isolation  spot  or  contoured  multiple 
beams . 
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r.?LE  5-4 

Broadcast  Satellite  Technologies 


System  Oriented  Technologies 

Means  to  effectively  reduce  cost  per  channel  by  more  efficient  utiliza- 
tion of  available  power  and  frequency  spectrum. 

- Development  of  new  modulation  and  multiple  access  techniques. 

Exploitation  of  higher  frequency  bands. 

Development  of  more  efficient  communications  hardware. 

Reduction  in  spacecraft  weight  through  improved  structures,  energy  con- 
version, storage  systems,  prime  propnilsion,  and  on-board  propulsion. 


Pacing  Technologies 

- Satellite  Antennas 

Power  Amplifiers 

Attitude  Control  Systems 

Thermal  Control 
Low  Noise  Receivers 

Lightweight  Filters 

Batteries 

- High  Reli  bility  Parts 
Spacecraft  DC  Power 
On-board  Digital  Systems 

Constraining  Technologies 
Boosters 

Structures 
Propulsion  Systems 


Including  techniques  for  multiple  beam  operation, 
beam  shaping,  side  lobe  control  and  polarization 
purity. 

Providing  means  to  develop  efficient  lightweight 
p(3wer  amplifiers  of  both  TWT  and  solid  state 
types  at  2,  11,  and  mm  waves  allocated  to  BSS. 

For  both  spinner  and  three-axis  satellites  for 
precision  antenna  pointing. 

Development  of  materials  for  thermal  ..ontrol. 

Including  the  use  of  parametric  amplifiers  and 
FET  input  amplifiers. 

For  minimum  guard  bands  and  minimum  group  delay 
distortion  with  sharp  attenuation  at  band  edges. 

For  lightweight  energy  storage  on-board  the 
satellite. 

Including  all  screening  and  ability  to  build 
small  lots  of  devices  for  very  long  life. 

Derived  from  solar  cells  or  nuclear  isotope 
power  systems. 

Including  all  on-board  control  and  data  manage- 
ment. 


Including  rocket  typ>e  launch  vehicles  and  space 
shutt le . 

Including  new  materials. 

Apogee  kick  motors  and  nuclear  and  ion  propul- 
sion systems. 
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TABLE  5-5 


IMPORTANT  COMMUNICATION  SATELLITE  TECHNOLOGY  AREAS 
ACCORDING  TO  DR.  H.  VAN  TREES 


Technology  Description 

High  Isolation  Hemispheric  Hemispheric  coverage  antennas  with 
Coverage  Antennas  30  to  33  dB  pattern  and  polarization 

isolation. 


Dual  Polarization  at 
14/11  GHz 

30/20  GHz  Technology 


Multifeed  3°  Beamwidth 
6/4  GHz  Antenna 

High  Resolution  Steerable 
6/4  GHz  Antenna 

120  Mbps  TDMA 

Forward  Error  Correction 
(FEC) 

DSI 


Linearized  Transponders 


For  reuse  of  the  11/14  GHz  frequency 
band. 

Extensive  antenna  and  propagation 
RAD  must  be  performed. 

Further  development  of  3°  beam 
antennas  is  necessary. 

Antennas  with  constituent  beams  of 
the  order  of  1°  or  less  are  required. 

For  the  proposed  72  MHz  channelization. 

For  interference-limited  environments 
using  digital  communications. 

To  increase  the  bandwidth  efficiencies 
of  some  digital  systems. 

For  use  of  more  efficient  modulation 
schemes. 


Advanced  Modulation 


Intersatellite  Link 
(ISL) 


To  provide  highly  efficient  use  ot 
bandwidth. 

To  provide  full  connectivity  between 
smaller  capacity  satellites,  using  either 
optical  or  microwave  links. 


o Linear  power  amplification,  new  modulation  and  data  handling  techniques 
to  r<“duce  in-channel  system  degradation  and  adjacent  channel  interference 
now  encountered  in  digital  communications,  and  to  provide  for  improved 
utilization  of  the  radio  spectrum. 

These  technologies  - as  they  relate  specifically  to  high  EIRP  satellites  - 
will  be  discussed  at  length  in  paragraph  5.7.  However,  the  following  paragraphs 
will  highlight  how  these  technologies  relate  specificaUy  to  a comparison  of 
convnunication  and  broadcast  satellites. 

5.4.1  Spinner  and  Body  Stabilized  3-Axis  Satellites 

Spinners  and  3-axis  satellites  are  both  candidate  broadcast  satellites  for 
1000  kilogram  in-orbit  mass. 

Figure  5-6shows  the  cross-section  of  the  spinner  C3  satellite  built  by  FORD 
Aerospace.  Figure  5~^'  shows  the  cross-scction  of  the  giant  Hughes  LFASAT  which 
was  described  at  the  AIAA  Eight  Communication  Satellite  Conference  in  Orlando, 
Florida,  in  1980.  Figure  5-8  shows  the  Anik-Cwith  its  additional  solar  cell 
"Skirt”  now  used  by  Hughes  to  increase  solar  cell  power.  As  shown,  the  spinner 
uses  the  shell  as  both  part  of  the  body  stabilization  procrss,  and  as  a surface 
for  solar  cells.  Inside  is  a tray  with  the  payload  and  bus  system.  The  antenna 
is  despun  at  one  end  of  the  spinner  cylinder  configuration.  Note  in  general, 
the  enormous  space  inside  of  the  cylindrical  structure  which  serves  to  house  the 
AKM  or  perigee  motor  and  which  is  not  used  to  house  payload. 

One  of  the  major  problem  of  the  spinner  satellite  is  the  transfer  of  payload 
heat  to  space  (thermal). 

Figures  5-9  and  5-10  show  respectively  the  Intelsat-V  and  German  TV-SAT 
structures  which  are  3-axis  stabilized,  using  momentum  wheels  and  sensors/ 
hydrazine  thrusters  (which  are  also  used  on  spinners).  The  inter’or  of  the  box 
structure  which  is  modular  f~r  both  types  of  satellites  is  used  to  house  the 
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satellite  transponder  and  bus  electronics.  One  side  of  the  satellite  box  Is 
used  as  a platform  to  support  an  antenna  complex.  The  solar  cells  are  made  into 
arrays  which  are  unfurled  from  the  satellite  box. 

The  spinner  thermal,  despun-antenna,  and  solar  cell  area  optimization  are 
virtually  non-existent  on  a 3-axis  body  stabilized  system  which  must  in  turn 
cope  with  thermal  problems  of  a compact  box  full  of  electronic  equipment  but 
which  must  include  all  body  stabilization  elements  which  do  not  have  the  benefits 
of  a large  cylindrical  spinning  mass  to  contribute  to  the  stabilization  process. 

Both  satellite  types  are  now  in  use  and  merits  relative  to  specific  require- 
ments must  be  made  before  judgements  can  be  made  as  to  the  relative  suitability 
of  one  or  the  other  structural  system. 

5.4.2  The  Transponders 

Figures  5-11  and  5-12.  show  respectively  the  transponders  of  the  Japan  BSE 
and  Intelsat-V  illustrating  the  different  circuit  configurations  between  the 
fairly  simple  (four-channel)  configuration  of  a broadcast  satellite  and  a complex 
multiple  channel  (24-30  channels  for  Intelsat-V)  satellite  used  for  commercial 
satellite  communications.  Actually  the  difference  is  equalized  by  the  use  of 
very  high  power  IWTA.  (40-750  watts)  as  compared  to  the  low  power  (4.5-20  watts) 
typical  of  a communication  satellite.  From  the  transponder  standpoint  the 
differenres  between  spinner  and  body  stabilized  satellites  are  more  properly 
described  in  terms  of  related  thermal  problems  rather  than  basic  electrical 


circuit  problems. 


V 


CommuniLattons  Subsystem  Simplified 
BIock  Diagram 


Figure  5-12.  Intelsat-V  Transponder 
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5.4.3  Antennas  and  Pointing  Error 


A major  design  requirement  of  a broadcast  satellite  is  providing  a foot- 
print on  earth  from  an  EIRP  of  around  60-65  dbw,  in  a specified  contour  or 
region,  and  maintaining  the  satellite  pointing  accuracy  to  the  point  where  the 
footprint  does  not  significantly  move  due  to  pointing  motion  (error)  of  the 
satellite. 

This  requires  large  high  gain  antennas  to  provide  such  high  EIRP  operating 
with  high  power  TWTA  or  solid  state  devices.  For  example,  if  a 400  watt  IWTA 
(26  dbw)  is  used,  an  antenna  gain  of  at  least  40  dB  is  required  (assuming  1-2  db 
filter  and  connector  losses  between  the  tube  and  the  antenna  feed,  and  any  feed 
network  losses  experienced).  This  will  require  an  antenna  at  least  4 to  5 feet 
in  diameter  which  is  the  size  of  the  Intelsat-V  4-GHz  reflector.  This  is  a very 
large  antenna  for  a communication  satellite  and  requires  a spacecraft  at  least 
as  big  as  the  Intelsat  bus  to  carry  it  - and  other  antennas. 

Figure  5-13  shows  area  coverage  defined  by  WARC-77  for  the  FRG  and  includes 
the  shift  in  pattern  with  respect  to  beam  pointing  errors  as  large  as  0,1°. 

For  many  communication  satellites,  such  charge  or  shift  is  not  that  serious. 

Table  5-6  lists  the  beam  pointing  accuracies  of  several  existing  satellites 
showing  that  many  of  these  satellites  are  specified  to  a much  more  tolerant 
beam  pointing  accuracy.  However,  because  TV  broadcast  of  one  country  can  shift 
across  the  borders  of  a neighboring  country  and  violate  its  sovereign  rights, 
present  beam  pointing  accuracies  are  now  specified  at  ^0.1  degree  - all  axes,  and 
this  point  will  be  described  in  more  detail  in  Paragraph  5.6.  The  following 
paragraph  will  provide  some  of  the  WARC  history  involved. 

5.4.3. 1 Satellite  Stationkeeping  (Doc.  USSG  IWP  4/1-12  - Verbatim) 

The  degree  tp  which  satellite  stationkeeping  is  maintained  determines  how 
far  a satellite  is  permitted  to  drift  from  its  nominal  orbital  position.  This 
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TABLE  5-6 


Antenna  Pointing  Accuracy  Summary 


COMSTAR 

+ 0.26” 

N-S  Axis 

Spinner 

+ 0.20° 

E-W  Axis 

Intelsat  IV 

+ 0.35° 

Each  Axis 

Spinner 

Intelsat  IVA 

+ 0.25° 

N-S  Axis 

Spinner 

+ 0.20° 

E-W  Axis 

Intelsat  V 

+ 0.15 

Roll 

3-Axis 

+ 0.14 

Pitch 

+ 0.4L 

Roll 

ANIK-A 

+ 0.  1° 

All  Axes 

Spinner 

SATCOM 

+ 0.2° 

All  Axes 

3-Axis 

Japan  CS 

+ 0.3° 

(3<t  ) 

Spinner 

Japan  BSE 

+ 0.2° 

(3<J  ) 

3 -Axis 

ESA  OTS-II 

1 4* 
o 

o 

Pitch  & Roll 

3 -Axis 

± 0.5° 

Yaw  (3  a ) 

Symphonic 

+ 0.5° 

All  Axes 

3-Axis 

has  the  effect  of  introducing  an  uncertainty  into  the  orbital  seoaration 
between  satellites  in  adjacent  systems,  which  will  Influence  the  aroou'-t  of  mutual 
interference  produced  by  these  systems. 

Until  WARC  79,  satellite  a tat ionkeeping  tolerances  were  specified  in  the 
rru  Radio  Regulations  in  paragraphs  470VC,  470VD,  and  470VE.  Under  these  pro- 
visions satellites  were  required  to  have  the  capability  of  maintaining  their 
longitude  to  within  +1  degree,  and  to  try  to  operationally  maintain  position  to 
+0.5  degrees.  These  limitations  did  not  have  to  be  followed  if  no  unacceptable 
interference  was  caused  to  any'other  satellite  network  whose  satellite  complied 
with  the  limits.  The  Radio  Regulations  set  no  standards  for  latitude  station- 
keeping. The  Final  Acts  of  WARC  79  reduced  the  longitudinal  tolerance  to  +1 
degree,  with  the  exception  that  the  +1  degree  requirement  remains  in  force  for 
those  systems  notified  _o  the  IFRB  prior  to  the  date  of  entry  into  force  of  the 
Final  Acts,  January  1982.  No  latitude  tolerance  was  imposed  at  WARC  79. 

The  benefits  of  tighter  stationkeeping  tolerances  must  be  weighted  against 
those  technical  considerations  which  are  involved  in  meeting  them.  Station- 
keeping is  maintained  by  means  of  orbital  correction  maneuvers;  tighter  tolerances 

I 

require  that  these  maneuvers  be  performed  more  frequently.  Although  tighter 
tolerances  require  no  extra  fuel,  they  do  have  operational  implications.  More 
frequent  corrections  will  require  more  careful  monitoring  of  satellite  position 
and  a higher  workload  for  satellite  control  personnel.  In  addition,  more  com- 
p-jter  processing  time  will  be  required  to  compute  correction  parameters.  This 
can  lead  to  increased  expense  and  perhaps  the  need  for  more  comple::  computer 
installations,  particularly  if  a system  has  several  satellites  which  must  be 
controlled  concurrently. 

For  satellite  systems  implemented  in  the  near  term,  longitude  stationkeeping 
within  -K) . 1 degree  poses  no  problems.  Several  existing  systems,  including  Canada  s 
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ANIK  series,  Western  Union’s  Wester  series,  and  Indonesia’s  Palapa  seties,  are 
currently  operating  within  the  new  longitude  tolerance  of  ^.1  degree;  this 
standard  is  thus  clearly  operationally  feasible.  It  is,  however,  unclear  that 
further  tightening  of  the  standard  beyond  this  point  would  yield  sufficient 
additional  interference  protection  to  justify  the  added  operational  expense  and 
complexity.  For  example,  if  two  adjacent  satellites  have  a nominal  separation 
of  5 degrees  and  each  has  a tolerance  of  +0.1  degree,  the  increase  interference 
is  less  than  0.5  dB  with  both  satellites  at  their  worst  case  locations  (4.8 
degree  separation)  assuming  that  the  ground  station  antenna  sidelobes  follcw 
CCIR  Rec.  465.1  (32-25  log  0).  Further,  the  imposition  of  restrictions  on 
latitude  stationkeeping  produces  essentially  no  further  interference  protection, 
but  would  affect  satellite  control  operations. 

5 . 5 Design  Aspects  of  Present  TV  Broadcast  Satellites 

As  design  considerations  are  directed  toward  new  TV  broadcast  satellites 
compatible  with  present  expendable  launch  vehicles  and  the  future  use  of  the 
Space  Transportation  System,  it  is  of  interest  to  review  pertinent  design 
aspects  of  many  satellites  presently  developed  or  in  development,  which  furnish 
not  only  considerable  design  experience  and  guidance  but  which  also  provide 
technological  developments  which  apply  in  all  areas  of  satellite  design. 

The  primary  aspect  of  TV  broadcast  satellite  design  must  center  around  the 
satellite  mass  and  available  dc  power,  and  be  concerned  with  achieving  the 
highest  possible  percent  of  mass  for  the  communications  payload  (Figure  5-14), 
and  then  using  the  maximum  amount  of  available  dc  power  to  develop  EIRP  in  one  or 
more  antenna  beams.  Note  in  Figure  5-14  that  the  3-axis  satellite  - with  increas- 
ing dry  mass  for  the  spacecraft  - provides  a higher  payload  percentage  of  the 
dry  in-orbit  tnass  than  the  spinners  - and  particularly  than  the  giant  spinners 
which  must  include  the  perigee  motor  in  its  mass. 
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This  paragraph  will  then  explore  the  nass  ratios  for  existing  and  in- 
developipent  satellites  to  establish  the  present  percentage  total  mass  ratios  for 
the  antennas,  transponders,  attitude  control  systems  (ACS)  for  both  spinner  and 
3-axis  stabilized  satellites,  and  for  both  broadcast  satellites  and  coraraunica- 
tion  (FSS)  satellites. 

5.5,1  Typical  BSS  and  FSS  Communication  Satellite  Mass  and  Power  Breakdowns 
Table  5-7  lists  the  in-orbit  weights  and  primary  power  for  many  existing 
broadcast  and  communications  satellites.  Note  that  these  satellites  are  all 
under  lOCO  Kg  iu  mass  and  that  the  primary  power  ranges  from  300  watts  for 
ANIK-A  to  almost  1000  watts  for  Ir.lelsat-V.  The  11-GHz  satellites  have  EIRP  s 
from  30  to  60  dbw  and  the  antenna  gains  and  TWT  powers  used  to  develop  these 
EIRP's  are  listed  in  Table  5-8. 

* 

Tables  5-9  through  5-13  list  pertinent  subsystem  weights  and  powers  for 
both  3-axis  (Satcoro  and  Intelsat-V)  and  spinners  (Intelsat- IVA,  StS,  CS-2,  and 
COMSTAR)  showing  the  following  general  mass/power  ratios  now  typical  of  commu- 
nication satellites  winch  distribute  televii^ion  (SATCOM  1 is  entirely  devoted 
to  television  distribution,  primarily  for  CAT\^  and  networks).  Note  that  no 

exact  correlation  can  be  made  for  mass  ratios. 

The  ratio  of  antenna  mass  to  total  dry  mass  varies  from  3.37.  to  9.2Z,  except 

for  SBS  which  is  almost  257.. 

The  transponder  mass  ratio  varies  from  18  to  25  percent  of  the  tot.al  -iS 

and  is  more  orderly  in  its  variation. 

Structure  percentage  on  Intelsat- IVA  and  Intelsat-V  are  very  close  in 
percentage,  while  stracture  weight  percentage  in  SBS  and  CS-2  are  small  but 
reasonably  in  the  same  range. 

* The  author  expresses  with  thanks,  guidance  from  an  FACC  memorandum  due  to 
Mrs.  C.  Majors  of  FACC. 
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TA.BLE  5-7 


Typical  Communication  Satellites 


Satellite 

Bandwidth  Per 
Satellite CMHz) 

Weight  in 
Orbit  (Kg) 

Frequency 

Primary 

PowerCWatts) 

EIRP  Range 

Intelsat- IV 

432 

700 

4/6 

570 

30-35  dBW 

Intelsat-IVA 

432 

7 90 

4/ 6 

600 

30-35  dBW 

tvescar 

432 

330 

4/6 

330 

30-35  d37 

RCA  Sat com 

864 

461 

4/6 

- 

30-35  dK7 

Corns  tar 

864 

750 

4/6 

610 

30-35  dBW 

Pa  la  pa 

432 

300 

4/6 

307 

30-35  dBW 

Anik-A 

432 

297 

4/6 

320 

30-35  dBW 

Symphonie 

320 

230 

4/6 

780 

- 

CTS 

170 

350 

11/14 

918 

60  dBW 

SIRIO 

150 

188 

11/18 

- 

30-35  dBW 

Japan  CS 

170 

317 

11/14 

530 

36  dBW 

Intel sat-V 

1600 

1000 

4/6,  11/14  967 

30-35  dW 

Id 


TABLE  5-0 


PRESENT  SATELLITE  ANTENNAS  AT  11  GHz  FOR  FIXED  AND  BROADCAST  SATELLITE  SERVICES 


Sate.l  1 Ite 

Desr -Ipt ion 

Gain 

Beamwl Jth 

Driving  TWT  Power 

GTS 

Two  parabolic  reflectors 
with  a Dingle  feed  each 

Tx  -=  36.9  dB 
Rx  = 37.9  dB 

Beamwidth  of  2.5° 
to  -3  dB  points 

t 

200  watts,  20  watts 

Japan  Broadcast 
Satellite  - BSE 

Ceiiter  fed  reflector 
3.4  X 5.2  feed  with 
three  feed  horns 

Tx  = 37  dB 

Beamwidth  1.3°  x 
2.3°  to  -4.0  dB 
points,  not  to 
exceed  28  dB  in 
Korea,  Russia 

100  watts 

Orbiting  Test 

Six  antennas  including 

Eurobeam  A 

Eurobeam  A 

20  watts 

Satellite  - OTS 

two  redundant  receive 
dishes  giving  full 
European  coverage  and 
driving  two  *pot  beam 
antennas  for  Eurobeam  A. 
Eurobeam  B is  a narrow 
band  channel  using 
antennas  with  elliptical 
beamwidth. 

Rx  = 25  dB 
Tx  = 33.3  dB 

Rx  = 7.5°  X 4.25° 
Tx  “ 2.5°  Circular 

Eurobeam  B 

Rx,  Tx  5°  X 3.5° 

INTELSAT  V 

East  Beam 

980  mm  diameter 
contoured  surface 

Rx,  Tx  = 33  dB 

Shaped  Beam 

10  watts 

West  Beam 

1200  min  diameter 
parabolic  dish 

Rx,  Tx  = 36  dB 

Spot  Beam 

10  watts 

SIRIO 

Reflector  30  x 300 
mro  to  give  elliptical 
spot 

Tx  = 20  dB 
Rx  = 20.1  dD 

6.5°  azimuthal 
4.6°  vertical  plane 

10  watts 

A'  Ik  B 

Four  spot  beams 
covering  Canada 

Tx  = 37.12  dB 
Rx  = 33.5  dB 
(edge) 

1 . 5°/beam 

20  watts 

SBS 

72  inches  diameter 

Tx  = 33  dB  peak 
Rx  = 30  dB  edge 

Covers  U.S. 
with  8 horn  array 

23  watts 

UrilGii^AL  PAG!;  IS 
OF  POOR  Q'JALiTY 


Orbital  Load  Summary  (watts) 


Equmox  1 

Soislica 

Sunlight 

Eciipaa 

Communicttions 

7888 

788.8 

TOfi  a 

T«i»m«try,  commaml  and  ranging 

43.5 

43.5 

43.5 

Attituda  control  (including  joiar 
array  drivtl 

52.4 

41  2 

41.2 

Prooultion  (tKClud«r>9  tltctro- 
thermal  thrusiarl 

0.8 

0.8 

0.8 

Eitctr>cai  povvar  tubtvttam 

100 

1Q.0 

10.0 

Harneu  lois 

10.0 

10.0 

9.0 

Thermaj  control 

67.5 

1095 

35.5 

Total  bus  no  I A no.  2 load 

973.0 

1003  3 

9?S  £ 

Sattvy  cnarga  <7ih  ytar) 

28.7 

97  5 

- 

Total  array  load 

1001  7 

11013 

- 

System  poyyer  margin 

108.3 

33  4 

- 

TO%  array  margin 

ino 

118.5 

- 

Solar  array  caoacity 

1221  0 

1303.2 

- 

TABLE  5“9.  Intslsat-V  Power 


TABLE  5' 10  INTELSAT  V Mass  Summary 


Current  Saaalirse  Maaa  Ikgl 

Cantaur  caunch 

STS  Launch 

Structure 

139  4 

139.4 

Adapter 

18.9 

13  9 

P'Ooulsioo 

35.6 

35.6 

Electrical  power 

135  7 

135.7 

Communication  trantponder 

183  4 

183.4 

Communicattont  antenna 

57.6 

57.6 

Telemetry,  command, 
and  ranging 

25.7 

25.7 

Attitude  Mtarminarion 
and  contto: 

74.2 

74,2 

Thermal  control 

28.7 

28,7 

Electrical  integration 

41  5 

41  5 

Total 

740.7 

740.7 

Margin 

I4.6%l  33  8 

I6.6M  49.2 

Total  tpacecreft 

774.5 

789  9 

Af>ogve  motor 

924.1 

924  1 

Proou'HOn  lufi 

170.7 

183  0 

Laur.ch  mt«i 

1 3 .1 

1897  0 

- -* 

Table  5-11 

Domestic  Satellites  for  Television  Distribution 
Mass  and  Power  Distribution 


Satellite 


COMSTAR 

SATCOM 

Characteristics 

24  Channel 

Spinner 

24  Channel  3 

-axis  StabllizeJ 

Total  Deg  Mass /Power 

670/610 

fl'i 

5/463 

Subsystem 

Mass  (kg) 

1 Dry  S/C 

Maas  (kg) 

Z Dry  S/C 

Antenna 

61 

9.2 

51.6 

6.8 

Transponder 

139.4 

20.9 

176 

20.7 

Power 

125.6 

18.8 

181.6 

21.2 

Attitudes  Contjrol 

45.2 

6.8 

55 

6.5 

Solar  Array 

70.1 

- 

The  rma 1 

28 

4.2 

21.7 

2.5 

Power  (watts)  7.  Total 

Power  (watts)  Z Total 

Cotranunlcatio<n 

495 

86 

til  9 

92 

TT&C 

17.5 

3 

1 

10 

2.3 

Attitude 


24 


4 


14 


3.7 


TABLE  5-12 


SFACliCKAFT 

1 SBS 

CS 

-11 

KG 

% 

KG 

Z 

ANTENh^A 

116.1 

24 . 97. 

10.1 

3.3Z 

I'KANS  FONDEU 

66.1 

21  .67. 

TOTAL  PAYl.OAD 

116.1 

24.07. 

76.2 

24 . 9Z 

STRUCTURE 

A5.7 

9.8Z 

39.5 

12. 9Z 

rr&c 

26.8 

5 77. 

26.3 

8 . 6Z 

REACTION  CONTROL 

13.”^ 

2.87. 

9.6 

3.17. 

POWER 

163.8 

35. IZ 

72.8 

23 . 87. 

A IT  ITU DE  CONTROL 

23.6 

5.1Z 

19.3 

6.37. 

TUERMAl. 

20.0 

4.3X 

16.1 

5 . 3 7. 

ELECTRICAL  INTEG, 

23.6 

5.17. 

14.0 

4 . 67. 

BALANCE  WEIGirr 

5.6 

1.2Z 

4.5 

1.57. 

ARM  (DRi) 

29.0 

6.2Z 

27.3 

8.97. 

TOTAL  BUS 

351.1 

75. IZ 

229.4 

75.11 

DRV  SPACECRAFT 

467.2 

100.07. 

305.6 

% 

100.07. 

ft 


''  • 


Table  5-13 


si*M:i:atAFT 

nmi 

SAT-IVA 

KG 

i OK  DRY 

KG 

7.  OF  DRY 

Arri'i-NNA 

A2.2 

6.57. 

66.7 

8.3X 

THANSI'(»NI>F.R 

» 

121.1 

18. 5X 

167.6 

20. OX 

TOTAI.  CrVtIIINICATIUNS 

163.1 

25.07. 

236.5 

29. IX 

< 

, Sri(IICl1>HE 

153.9 

23. 6X 

170.6 

21. IX 

■'  itm: 

26.  A 

3.7X 

25.0 

3.27. 

ItKAcrriON  CONTROL 

15.1 

2.37. 

31.9 

6 .01 

I’OUKK 

129.3 

19. 8X 

163.9 

17.87. 

ATTI  IOOE  CON'l1U)|. 

66 . 6 

7. IX 

70.2 

0.7X 

*,  niKittiAi, 

30.6 

6.7X 

27.0 

3.6X 

Et.i:CTHiCAI.  INTEGRATION 

26.6 

3. OX 

60.5 

5.  OX 

ltAI.AN<;E  WEIGHT 

6.2 

1.07. 

2.2 

0.3X 

AKH  (HKY) 

56.6 

0.7X 

61.7 

7.6X 

j TirrAL  OHS 

607.3 

75. OX 

576.6 

70. 9X 

! DRY  SPACECRArr 

i 

653.1 

100.07. 

607.7 

100. OX 

Attitude  control  equipment  is  in  the  6-8%  mass  percentage  of  in-orbit  total 
mass  but  does  not  include  the  fuel  mass  (170  Kg  for  Intelsat-V)  which  is 
required  for  stationkeeping. 

The  attitude  determination  and  control  subsystems  of  body  stabilized 
satellites  are  distinctly  heavier  than  those  of  corresponding  spin-stabilized 
satellites.  The  diffexcnce  may  be  largely  accounted  for  by  the  difference 
between  th_  body-stabilized  satellites*  heavy  momeutxim  wneels  plus  their  asso- 
ciated electronics  and  the  lighter  Despin  Motor  Assembly  of  the  spinner. 

One  would  expect  that  body- stabilized  satellites  would  use  more  propellant 
for  attitude  control  than  would  comparable  spinning  satellites.  This  proves  to 
be  the  case;  as  an  example,  Intelsat-V  uses  9.77o  of  its  on-orbit  fuel  for 
attitude  control  where  Intelsat-IVA  uses  only  1.47».  The  total  amount  of  on- 
orbit  propellant  needed,  however,  appears  not  to  be  a function  of  the  method 
of  stabilization  since  a small  fraction  is  used  for  attitude  control.  In  plotting 
the  relationship  between  the  satellites*  lifetimes  and  the  propellant  needed  as 
a fraction  of  the  mass  to  be  stationkept,  the  spinners  show  no  obvious  advantage. 
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5.5.2  ATS-6  2.670  GHz  Characteristics  (Table  5-14) 

The  ATS-6  exp>eriniental  satellite  was  launched  into  geostationary  orbit 
on  May  30,'  1974,  and  positioned  at  94°  W longitude.  The  spacecra  !t  was  used  in 
a wide  variety  of  applications  and  scientific  experiments  includi  comnunica- 
tions  experiments  at  frequencies  from  40  MHz  to  30  GHz. 

A major  ATS-6  mission  activity  during  the  first  year  of  operations  was 
the  Health,  Education,  and  Teleconmunications  Experiment  (HET) . Sponsored  joint- 
ly by  NASA,  the  Department  of  Health,  Education  and  Welfare,  the  Veterans  Ad- 
ministration and  the  Federation  of  Rocky  Moxintain  States,  HET  featured  daily 
broadcasts  of  quality  color  television  in  wideband  FM  format  to  small  receiving 
systems  located  at  schools,  hospitals,  and  other  institutions  in  Alaska,  the 
Rocky  Mountain  States,  and  Appalachia. 

The  ATS-6  configuration  used  for  the  HET  experiment  is  shown  in  Figure  5-  15. 
The  TV-FM  signals  from  earth  stations  were  received  at  C~band  on  the  Earth 
Coverage  Horn  (ECH) . The  signals  are  then  amplified,  down- converted  to  IF 
where  they  are  further  amplified,  filtered  and  limited.  The  signals  are  then 
converted  to  the  2.560  or  2.670  GHz  band  for  final  high  power  amplification  and 
fed  to  the  9.1  meter  paraboloid  satellite  antenna  from  its  prime  focus. 

The  HET  system  parameter  summary  is  given  in  Table  5-16.  Note  the  3 dB 
beam  contour  of  0.90.  This  was  innovative  and  set  the  stage  for  later  narrow- 
beam  satellite  designs  for  TV  broadcast. 

It  is  not  possible  to  delineate  meaningful  mass/power  subsystem  ratios  for 
ATS-6  due  to  the  multiple  function  nature  of  the  spacecraft.  It  is  significant, 
however,  that  ATS-6  pioneered  in  precision  attitude  con"--'l  using  signals  provided 
from  earth  stations. 


y 
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TABLE  5-14.  ' Thann*!  Control  Siiwysteni  Elements 


TABLE  5-15 

ctMMvmcsTKm  (uwimii  m^^itan  fttfonM^jcs  cdkfuaici 


t yt«# 

(fOvi 


] . • 


C/T 

*a.*Ki 

>*Mi  rov 

1S.»  u.i 
-IT  .r 

».»  — 


fciQlWI  O/T  - 

ywr  rat, 

It 

-44 
It. 4 


T.l  • l.t  -t.t  -«.«  . Lt 


176 


ATS  3 


-177- 


Y 


(Doc,  USSG  BC/826  (Rev.  1)) 


SIMPLIFIED  BLOCK  DIAGRAM 
OF  THE  ATS-6  HET  SYSTEM 


Figrjre  5-15B 
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(Doc.  USSG  BC/826  (Rev.  1)) 

TABLE  5-16 

ATS-6  HET  SYSTEM  PARAMETER  SUMMARY 


fiacalvor  Cantar 
Froquancy  Hit  (1] 

Itaealuo 

Anjanna 

Napaatar 

Typo 

Napaatar 

(andwidUl 
mt  (3  *) 

Transalt 

Cantar 

Fraquoftqr 

WZ 

T rantal  t 
AAtanna(2) 

dapaatar 
EiM.  on. 
Faak 

3db  Contour 
of  baaa*foot 
print* 

Ndocatar 

Channol  1 

S9SO 

(ISO 

(ISO 

ATS-4 
CarUl 
Covarag 
Horn  17^ 

NPPW 

Hard  liaw. 
Itinf  dual 
convartlon , 
no  ipcctnM 
Invortloo 

40 

2S(f,2 

AT5-4  X* 

rtflactor, 

$.(aAd 

baa« 

«,  or«j 

»53.2 

alUiar 

baas 

10.*® 

Navoatar 

□tannol  2 

{»*») 

(laao) 

(taa*) 

30 

2(70 

(>a«) 

♦S3.0 

althar 

baa* 

(laiB) 

NOTES:  (1)  StItcUd  by  eatmtnd 

(2)  Elthir  chMMi  c*n  driv*  «'th«r  bc«a;  boU)  chMotlt  <M  driv*  tithtr  b«ui  l1O(lt»fl»0ulIy;  cht«fl«T  powtr 
cannot  b«  df»1d«d  bocwttn  yit  two  b««i»;  *11  function*  t«lKtid  by  conwnd.  So*  for  typica) 

Sj  and  Sjj  *footpr1nti*.  TJ>*  S and  alancntt  crtatd  S-Jand  boaw  N tnd  Mj,  rMpoctlvoIy. 
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5.5.3  CTS-HERMES  (11/14  GHz) 

The  characteristics  of  the  CTS-Herme'-  are  too  well  knowrf  to  be  repeated  here. 
Figure  5-16  and  Tables  5-17  through  19  list  key  system  and  mass  properties. 

CTS  must  be  regarded  as  the  satellite  which  not  only  pioneered  the  11/14 
GHz  frequencies  with  60  dbw  EIRP,  but  was  the  first  satellite  to  consnit  its  pay- 
load  to  large  high  power  WT  at  a power  level  never  before  achieved  in  space. 

CTS  had  two  LITTON  200-watt  TWTA  with  high  efficiency  (507.  by  using  10 
depressed  collectors)  and  two  20  watt  Thcmson-CSF  IV TA . It  was  virtually  a frying 
TWTA  laboratory  and  certainly  did  much  to  establish  the,  credibility  of  high  power 
satellites  as  the  answer  to  low  cost  TVRO  earth  terminals.  CTS  is  now  followed 
by  ANIK-B  and  ANIK-C  and  CANADA  is  providing  most  of  the  TV-broadcast  operations 
technology  at  the  outset  of  the  1980' s;  with  the  demise  of  BSE  and  the  retirement 
of  CTS,  these  two  Canadian  satellites  are  the  only  TV  broadcast  (direct- to-user) 
systems  in  aeration  in  the  world  today  outside  of  USSR. 

5.5.4  BSE  - Japan's  Broadcast  Satellite  (11/14  GHz)  for  Experimental  Purposes 
Japan's  Broadcast  Satellite  for  Experimental  Purposes  (BSE)  pionfiered  the 

dir  ct- to-user  broadcast  satellite  concept  in  Region  3 and  sparked  earth  terminal 
developments  discussed  in  Section  6 and  Section  7.  BSE  is  no  longer  in  operation 
but  its  brief  history  of  operation  (see  Tables  5-20  through  5-22) . 

According  to  Table  5-21,  the  antenna  snd  communication  system  (transponder) 
account  for  2%  and  187.  of  the  sate  Hire  mass  respectively,  while  the  comimini  cat  ions 
system  uses  almost  907,  of  the  spacecraft  dc  bus  pcwer. 

The  low  percentage  of  antenna  mass  ratio  is  typical  of  a single  beam  broad- 
cast system  using  essentially  a simple  3-horn  offset  fed  antenna  system  (Figure 
5-17)  to  place  a large  contoured  footprint.  Thus  the  mass  is  primarily  directed 
toward  providing  a high  level  of  RF  power. 
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TABLE  5-17.  UPLINK  PARAMETERS 


Applicant:  CTS 


Frequency: 

Elevation: 

Type  of  Service: 


14  GHz 
450 

Analog  Voice/TV 


Cystem  Parameters, 

Earth  Station: 

Transmit  power  (400  Watts) 

Feed  line  losses 
Carrier  power  at  feed 
Transmit  antenna: 

Gain 

Aperture  size 
Overall  efficiency 
Beam  size 

EIRP  per  carrier 
EIRP  stability 

Losses : 

Path  loss  at  subsatellite  pointy 
Path  loss  correction  for  elevation  angle 
Atmospheric  attenuation 
Receive  antenna: 

Off-axis  loss 
Pointing  loss 
Polarization  loss 

Rain  attenuation,  highest  average  value  for: 
0.01%  of  any  year 

Spacecraft : 

Receive  antenna; 

On-axis  gain 
Aperture  size 
Overall  efficiency 

Signal  to  CTS  Receiver* 

Receiver  Noise  (2315°K.  30  MHz) 

Carrier-to-K.oi.ee  Ratio  (clear  weather) 

Threshold  Requirement 

Signal  Margin  ^ 


26.0 

dBW 

2.0 

dB 

24.0 

dBW 

48.4 

dB 

8.0 

ft. 

54.0 

0.6° 

% 

72.4 

dBW 

t 0.5 

dB 

2C6.4 

dB 

0.3 

dB 

0.3 

dB 

0.1 

d3 

0.2 

dB 

o.c 

dB 

207,3 

dB 

4.3 

dB 

37.7 

dB 

2.33  ft. 

54.0 

% 

-97.2 

dBW 

-120.2 

dBW 

23.0 

dB 

12.0 

dB 

11.0 

dB 

* The  transponder  gain  to  saturate  the  200W  TVTT  (23  dB)  is 
23  dD  9*7.2  dD  * 120.2  dB. 

c - 
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Applicant:  CTS 


Frequency : 
Elevation; 

Type  of  Service: 


12  Qiz 
450 

Analog  Voice/TV 


System  Parameters 
Spacecraft: 

Transmitter  power  at  saturation 
Multiple  carrier  output  backoff 
Fee:i  line  losses 
Carrier  power  at  antenna  feed 
Transmit  antenna: 

On-axis  gain 
Aperture  size 
Overall  efficiency 
Beam  Size 

EIRP  per  carrier 

Losses: 

Path  loss  at  subsatellite  point 
Path  loss  correction  for  elevation  angle 
Atmospheric  attenuation 
Receive  antenna; 

Off-axis  loss 
Pointing  loss 
Polarization  loss 

Net  losses  in  clear  weather 
Rain  attenuation,  highest  average  value  for; 
0.15o  cf  any  year 

Earth  Station; 

Receive  antenna: 

On-axis  gain 
Aperture  size  (dia.) 

Overall  efficiency 
Beam  size 


23.0  dK^ 
- - dB 
2.0  dB 

21.0  dBW 

36.2  dB 
2.33  ft. 

54.0  % 

2.5O 

57.3  dBW 


205.1  dB 
0.4  dB 
0.3  dB 

3.0  dB 
0.6  dB 
0.0  dB 

209.4  dB 
12.0  dB 


47.1  dB 
8.0  ft, 
54.0  % 

0.7° 


Signal  power  to  receiver 

fEIRP  - Losses  Receiver  antenna  gain; 


-106.0  dBW 
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TABLS  5“ 19.  MS3S  Power  Budget  of  CTS. 


Sjrstsm 

Weight 

kg 

Ibm 

■ Telemetry,  Tracking,  and  Command  System 

14.6 

32.2 

Super- High- Frequency  Communications 

67.2 

147.9 

Power  Conditioning 

21.5 

47.3 

Batteries 

14.9 

32.7 

Body  Solar  Array 

3.2 

7. 1 

Flexible  Solar  Array  Blankets 

13.8 

30.3 

Flexible  Solar  Array  Structure  including  Slip 

46.3 

101.8 

Rings  and  Deployment  and  Acceleration 

Mechanism 

Wiring  Harness  and  Electrical  Integration 

15.5 

34.0 

Attihide  Control  System 

24.7 

54.3 

Basic  Structure 

55.1 

121.2 

Thermal  Control 

12.7 

28.0 

Reaction  Control  System  <RCS)  Hardware 

18.0 

39.5 

RCS  Fuel 

25. 1 

55.2 

Balance  Weights 

3.2 

7. 1 

Apogee  Motor  and  Fuel 

341.0 

750.2 

Space'-' rait  Pad  Weight 

676.8 

1488. 9 

Spacecraft  Usable  Weight  in  Synchronous  Orbit 

347. 1 

763.6 

Lift-off  Margin 

+7.6 

+16.7 

Operational  mode  | 

Spinning 

phase 

Synchronous 

sunlight 

Synchronous 

eclipse 

Transmitter  Experiment  Package 

1.2 

585.2 

6.7 

SHF  Antennas,  peak 

12.9 

Transponder 

98.0 

SHF  Beacon 

18.0 

Telemetry,  Tracking,  and  Command  transmitter 

12.7 

12.7 

12.7 

Encoder  and  Transfer- Orbit  Electronics 

1.  7 

1.3 

1.3 

Receivers 

5.0 

5.0 

5.0 

Decoder 

.7 

. 7 

.7 

Solar  Array  Mechanical  Assembly 

8.8 

3.4 

Solar  Array  Technology  Experiment 

5.  0 

5.0 

Power  Control  Unlt^ 

3.  1 

7.7 

5.0 

Essential  Housekeeping  Converter^ 

26.  1 

28.2 

27.6 

Main  Housekeeping  Converter^ 

4.6 

8.5 

5.6 

Momentum  Wheel  Converter* 

6.3 

4.8 

Experiments  Power  Converter* 

18.  1 

Power  S'vltchlng  Unit 

.2 

.3 

.3 

Batteries  at  C/20^ 

*^10.  4 

*^1.9 

Electrical  Integration  Assembly 

4.9 

4.9 

4.9 

Spacecraft  Wiring  Harness* 

. 7 

1.5 

1.2 

Nonspinning  Earth  Sensor  Assembly 



2.  5 

2.  5 

ginning  Earth  Sensor  Assembly 

2.2 

Sun  Sensor  Assembly 

. 5 

. 5 

.5 

Three- Axis  Rate  Gyro 

13.4 

Attitude  Control  Electronics  Assembly 

1.  1 

5.  5 

5.  5 

Momentum  Wheel  Assembly 

5.4 

5.4 

Heaters^ 

19.4 

105  5 

Reaction  Cmitrol  System 

13.0 

18.  5 

11.  90 
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TABLE  5-21 


BSE  Spacecraft  Weight  and  Power  Sunmar^ 


Structure/Mechanical 

Thermal  Control 

Electrical  Power 

Attitude  Control 

Secondary  Propulsion 

Apogee  Kick  Motor 

Tracking  Telemetry  & Command 

Antenna 

Coniminication 

Ballast 

Total 

Dry  In-Orbit 


Weight 

(Kk) 

Ave.  Power 
(Watts) 

76.2 

- 

21.6 

29.5 

73.4 

11.3 

26.6 

22.4 

47.7 

- 

341.0 

- 

11.6 

29.5 

7.0 

- 

62.7 

626.4 

2.2 

- 

670.0 

719. 1 

352 
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TABLE  5-22 

BS  LINK  BUDGET 


UP  LINK  -.FROM  CENTRAL 

DOWN  LINK 

UP  LINK 

EARTH  STATION 

12  GHz 

14GHz 

DOWN  LINK  :T0  INDIVIDUAL 


UN/Vfli  • ivy 

RECEIVER 

SATELLITE 

EARTH  STATION 

TRANSMIT  POWER 
LOSS 

AfJTENNA  GAIN 
EIRP  (ON  AXIS) 

2 0.0dBW 
l.5dB 
37.Od0 
55.5dBW 

2 1.6  dUW 
2.8  dC 
61.0  dB 
79.8  dfiW 

PATH  LOSS 

2 OS.GdB 

207. 1 rlLl 

SATELLITE  PGNTING  ERROR 

0.5dB 

0.7  dO 

E.S.  POINTING  ERROR 

0.4  dO 

E.S,  TRACKING  ERROR 

0.2  dB 

ATMOSPHERIC  LOSS 

1.0  dB 

1.4  dU 

RAIN  LOSS 

O^CLdiL. 

TOTAL  LOSS 

2 0 7. 0 d B 

TUu.d  dU 

EARTH  STATION 

SATELLITE 

ANTENNA  GAIN 

4 3.0  d B 

4 1.5  dB 

NOISE  TEMPERATURE 

28.2  dBK 

3 1.6  dBK 

G/  T 

1 5.3  dD/K 

9.9  dD/K 

C/T 

-1  36.7  dBW/K 

-1  1 9.7dBW/K 

K 

-2  2 8.6d(]W/K-Hz 

-22G.6dBW/K-h 

B (23MHz) 

7 3.6dDHz 

73.6d8Hz 

C/N 

1 8. 3 d B 

3 5.3JD 

satellite  I.M, 

3ti.7dl3 

SYSTEM  C/N 

1 [L 

! dB 

THRESHOLD  MARGIN 

a. 

RAIN  LOSS 

L^dB  ' 

lO.OdB 

NOISE  INCREASE 

0.4  dB 

0.0  dB 

C/N 

I 6.9  dB 

25.3dB 

SYSTEM  C/N 

l6.2dB 

THRESHOLD  MARGIN 

6 

.2dB  X 

(M  IMPROVEMENT 

10 

.3d  B 

WEIGHTING  with  CCIR  EMPH 

12 

.^dB 

RECEIVE  TV  S/N 

4 7.  ’ B 
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5.5.5  India's  INSAT  for  TV  Broadcast  (2.54  GHz) 

India's  INSAT  is  a multiple  function  satellite,  providing  not  only  TV 
broadcast  at  2.6  GHz,  but  also  telephony  and  TV  at  C-band,  data  collection  at  UHF 
and  radiometer  cloud  photography.  (Figure  5-18). 

Table  5-23  lists  mass  and  percentage  of  dry  mass  ratio  for  various  INSAT 
subsystems.  Note  that  all  antennas  require  only  3.57.  of  the  total  dry  mass 
while  the  transponder  for  all  functions  (Figure  5-19)  uses  157,  of  the  dry  mass. 

An  Interesting  aspect  of  INSAT  design  is  the  high  ACS  and  reaction  control 
system  to  account  for  the  unusual  unbalanced  configuration  which  accounts  for 
radiometer  radiation  from  one  spacecraft  face. 

5.5.6  USSR's  STATSIONAR-T 

Figure  5-20  shows  the  basic  STATSIONAR-T  spacecraft  which  illustrates  the 
array  of  96  helical  antennas  used  to  beam  TV  into  Siberia  at  715  MHz.  (See  Figure 

5-21). 

Little  has  been  published  relative  to  the  design  of  this  satellite,  but 
it  is  known  that  the  satellite  weighs  almost  2000  Kg,  its  solar  cells  furnish 
around  1.5  KM,  and  it  uses  a single  transponder  to  drive  a 200  watt  Klystron 
bolted  to  the  structure  to  provide  RF  drive  to  the  antenna. 

Because  of  the  limited  channel  capability  of  this  spacecraft,  antenna 
and  transponder  mass  ratios  are  not  applicable  as  a comparison  to  other  spacecraft. 
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TABLE  5-23 


si*A<:i:u<At’T 


ANI INNA 
I UAN:>  (AtNDKK 

'niTAI,  I'AYI.nAI) 

sruiuriiiKii 

•iT6(; 

KICACilON  CUNlKitl. 
I’ONKK 

Al“l  rnilJL  CONTI'.OI. 
I'llLfiMAI. 

l-l.liCi'KICAI.  INTEU. 
UAI.ANCE  UEicirr 
AWI  (IIKY) 

TOIAI,  HUS 


INSAT 


KG 

r i 

17.5 

mm 

75  5 

130.2 

25. 9Z 

85. 0 

16. 9X 

22.5 

4.5X 

60.2 

12. Ot 

92.0 

18. 3X 

6A.7 

12. 9X 

27.1 

5.4X 

2 i.3 

A.2X 

0.0 

BLprop . 

372.8 

76.  IX 

503.0 

100. OX 

IIKY  SI’ACKCKAtT 
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SATELLITE  SIMPLIFIED  BLOCK  DIAGRAM 


TV  BMOAOCAlf 


FIGURE  5~19 


5.5.7  Gertoaa  TV- SAT  Design  (Flgiire  5-22) 


The  most  important  part  of  the  German  TV-SAT  program  is  the  satellite. 

It  has  to  'use  new  technologies  never  flown  before  in  commercial  coinnunication 
satellites,  e.g.,  output  amplifiers  of  some  hundreds  of  Watts,  ultra- lightweight 
solar  generators  or  ion  thrusters. 

The  preoperational  TV-SAT  is  limited  to  an  overall  launch  weight  of  1700 
kg.,  the  layout  of  the  structure,  however,  will  allow  launch  weights  up  to  2000 
kg.  The  thermal  control  of  the  three  modules  is  decoupled  to  the  most  possible 
extent.  This  means  that  other  payloads  with  lower  or  higher  heat  generation 
will  not  influence  the  design  of  the  service  and  propulsion  modules.  The  main 
spacecraft  data  are  sunmarized  in  Table  5-24.  Weight  and  power  margins  are 
not  extremely  high  but  for  the  moment  very  comfortable. 

The  German  authorities  began  in  1971  financing  the  development  of  hardware 
components  for  a direct  broadcasting  satellite.  Some  of  the  key  items  included; 

- Traveling  wave  tubes  of  200  to  450  watts 

- Total  repeater  chains 

- CFC-antenna  dishes  as  large  as  2m  in  diameter 

- Feed  system  of  the  transmitting  antenna 

- Ultra- lightweight  solar  generator 

- Double-gimbaled  momentum  wheel 
High-precision  infrared  Earth  sensor 

- Digital  reprograronable  attitude  and  orbit  measurement  and  control  system 

- Digital  TM/TC  system 

- RF-sensor 

- Liquid  apogee  thrust  system 

- Bearing  and  power  transmission  assembly  for  high  power 
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Table  5-24  lists  the  TV-SAT-A3  mass  breakdown.  Note  that  the  antenna  ms.  is 
6-77.  of  the  dry  mass  but  that  the  repeater  (transponder)  mass  is  only  14  percent 
of  the  dry  mss.  Thus  TV-SAT  has  traded  transponder  mass  for  more  sophisticated 
antenna  mass  to  provide  for  the  narrow  beam  required  to  illuminate  the  FRG 

(See  Figure  5-13)  and  to  provide  mass  margins  for  the  structure  providing  the 
exceptionally  high  dc  power  level  of  2-5  KW. 
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Table  5-24 


Mom  Spacecraft  TV-SA^-aS  Dota 
( Version  ARiANE  ' 


Sept 

’97? 
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5. 6 TV  Broadcast  Satellite  Technologies 


This  section  will  discuss  the  principal  TV  broadcast  satellite  technologies 
which  will  make  possible  the  optimum  design  of  the  candidate  satellite  discussed 
In  Paragraph  5.7. 

5.6.1  Basic  Weight  Considerations  - The  Use  of  Ultra- lightweight  Ifcterials. 

Spacecraft  and  satellites  have  evolved  from  the  typically  heavy  aluminum 
structures  first  used  on  SKYNET  I and  N^TO  II  to  wide<-spread  use  of  reinforced 
plastic  composite  materials  on  the  satellites  of  today.  Figure  5-23  shows  the 
technical  progression  up  to  INTELSAT  V and  future  projections. 

The  next  generation  after  the  all  metal  designs  used  a substantial  amount 
of  fiberglass  reinforced  plastics  for  secondary  structures  and  bonded  honey- 
comb sandwich  panels  (solar  arrays,  antennas,  and  equipment  platforms). 

The  structural  advantage  of  using  graphite  composite  materials  is  shown 
in  Figure  5-24.  Graphite  materials  can  be  selected  that  have  specific  strengths 
much  higher  chan  any  metal  and  one  graphite  composite  has  a specific  stiffness 
like  berylium.  Besides  their  structural  advantages,  graphite  composites  have 
a low  thermal  coefficient  of  expansion  (Table  5-25),  making  them  ideal  for 
dimensionally  stable  spacecraft  component  requirements.  Because  of  this,  gra- 
phite composite  materials  were  first  used  in  antenna  structures. 

The  Voyager  spacecraft  antenna  is  a 12-ft  (3.66  m)  diameter  graphite 
sandwich  reflector  and  is  the  largest  graphite  antenna  built  and  weighs  slightly 
over  IOC  lbs  (45.4  kg).  The  Japanese  ECS  satellite  was  the  first  to  use  gra- 
phite and  Kevlar  (R)  materials  in  primary  stracture.  There  i.s  extensive  use 
of  graphite  on  INTELSAT  V (Figure  5-25)  Including  solar  array  structure, 
antenna  module  truss,  antenna  reflectors  and  feeds,  waveguide,  and  nultiplexer. 

For  future  satellite  there  will  be  even  more  extensive  use  of  graphite. 

# 

The  primary  spacecraft  structure  will  be  graphite  or  a combination  of  graphite 
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SKYNET 1 
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OF  SATELLITE  MATERIALS 

Aluminum  structures 

NATO  It 

T 

Fiberglass  and  honeycomb 
sandwich  structures 

SMS 

VIKING 

1 

NATO  III 

Graphite  composite 

VOYAGER 

antennas 

CS,  ETS  II.  ECS 

T 

ECS 

Graphite  composite  and 
Kevlar  composite 
primary  structures 

, 1 

Extensive  use  of  graphite 
in  structures  and  RF  components 

Low  cost  graphite  materials 
Lower  cost  composite  manufacturing 
Graphite  and  graphite/berrylium 
Primary  structures 

INTELSAT  V 

Future 

FIGURE  5-23 
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STRUCTURAL  EFFICIENCY  OF  GRAPHITE 
EPOXY  COMPOSITES  COMPARED  TO  METALS 


NOTE:  FOR  LAMINATES  UPPER  END 
OF  BAR  IS  UNIDIRECnONAL  & 
LOWER  END  IS  QUASI  ISOTROPIC 


FIGURE  5-24 
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Table  5-25 


DIMENSIONAL  STABILITY  OF  GRAPHITE  EPOXY 
COMPOSITES  COMPARED  TO  METALS 


Material 

E 

Ftu 

P3 

System 

(MSI) 

(KSI) 

ln./ln./>  X 10“* 

(Ib/la  ) 

Graphite 

42.5 

079.8 

00.60 

0.060 

Epoxy 

14.9 

028.1 

00.05 

Beryllium 

42.0 

044.0 

C.  40 

0.066 

Aluminum 

10.5 

60.0 

13.0 

0.100 

Titanium 

16.0 

160.0 

04.8 

0.160 

Steel 

29.0 

270.0 

06.30 

0.283 

Invar 

20.5 

065.0 

00.70 

0.291 
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GRAPHITE  COMPOSITE  USAGE  ON  INTELSAT  V 


GRAPHITE  ANTENNA  HORNS 


HONEYCOMB  PANELS 
(G/E-ALUMINUM  CORE) 

METALLIZED  G/E 

(WAVEGUIDES) 


ATTACHMENTS  — 
AND  FITTINGS 


GRAPHITE  ANTENNA  REFLECTORS 

METALLIZED  G/E 
(FEED) 

GRAPHITE  BRACKETS 
G/E  STRUCTURE  (TUBULAR) 


r GRAPHITE  SOLAR 
/ ARRAY  STRUCTURES 


/■■c 


METALLIZED  G/E 
(MULTIPLEXERS 
AND  FILTERS) 


FigjRE  5-25 
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and  beryllum.  Lower  cost  graphite  fibers  will  be  used.  A significant  em* 
phasis  will  be  placed  on  the  lowering  of  manufacturing  costs,  particularly  by 
using  faster  curing  resin  systems  and  automated  manufacturing  equipment. 

5.6.2  The  Technology  of  Spacecraft  G/T  and  EIRP 

Since  the  earliest  days  of  satellite  communications,  the  spaceborne  active^ 
repeater  has  provided  the  basic  functions  of,  (1)  receiving  an  up- link  signal 
arriving  at  one  antenna  in  one  frequency  band,  (2;  converting  this  signal  to 
a second  frequency,  usually  in  the  down- link  frequency  band,  and  (3)  providing 
significant  amplifier  gain  to  produce  from  the  down-link  antenna  sufficient 
effective  radiated  power  to  various  earth  terminals  to  make  possible  the  de- 
modulation of  one  or  more  channels  of  information  of  specified  quality  from 
the  receivers  in  these  terminals. 

In  the  1960*s  and  early  1970's,  the  4/6  and  7/8  GHz  frequencies  were  in 
primary  use,  and  the  single  frequency  conversion  transponder  of  Figure  26a 
was  used  until  the  advent  of  C7TS  which  was  the  first  to  use  the  11/14  GHz 
frequencies.  As  the  frequencies  above  10  GHz  became  of  interest  for  satellite 
communications,  the  dual  conversion  transponder,  shown  in  Figure  T-26b  became 
widely  used;  although  CIS  provided  single  conversion  from  14  to  11  GHz,  satellites 
such  as  Intelsat-V  and  Japan  CS  converted  from  their  Ku-band  and  K-band  fre- 
quencies to  C-band  as  an  Intermediate  frequency  and  the  Euzop>ean  OTS  satellite 
converted  from  14  GHz  to  around  800  KHz  and  then  back  to  11  GHz. 

Figure  5-26c  illustrates  an  on-board  regenerative  repeater  in  which  the  in- 
coming digital  modulated  carrier  is  demodulated,  regenerated,  and  remodulated  to 
reduce  up- link  noise  and  intersymbol  interference  contributions  to  the  digital 
link-  Fig\.’res  5-26d  and  5-26e  show,  respectively,  a multiple-beam  transponder 
system  using  either  RF  matrix  switching  route  TWl^  modulated  carrier  bursts,  or 
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baseband  matrix  switching  and  signal  processing  to  route  TEMA  bursts  of  base- 
band data  to  retnodulators  for  transmission  to  proper  down- link. 

Table  5-26  lists  the  principal  cemponents  which  have  been  used  to  lid 
satellite  transponders  and  includes  the  basic  switch  and  modulators  which  In  the 
1968-1978  era  have  been  used  for  demod-mod  and  matrix  switching  functions.  The 
candidate  components  of  the  1978-1988  era  have  also  been  listed  and  show  how  the 
FET  is  a viable  candidate  for  each  of  these  device  functions. 

The  TV  broadcast  satellite  will  use  a transponder  of  the  types  shown  in 
Figures  5-26a  and  5-26b  as  long  r.s  FM  carriers  are  used.  When  the  era  of  1*7 
broadcast  by  digitally  modulate  carriers  using  burst  transmission  arrives,  then 
transponders  using  on-board  regeneration  and  matrix  switches  for  routing  can  be 
used. 

In  the  design  of  the  satellite  system  several  parameteru  must  be  accounted 
for  in  determining  satellite  sensitivity  (G/T)  or  satellite  radiated  power 
(EIRP).’  They  are  listed  in  Table  5-27. 

Figures  5-27  and  5-28  show  two  types  of  broadcast  satellite  transponders 
including  the  antenna.  Figure  5-28  highlights  the  high  IWTA  power  level  (250 
and  450  watts')  characteristic  of  this  complex  transponder  system  designed  to 
serve  as  a baseline  to  FRG  designs.  The  emphasis  on  the  high  power  amplifiers 
and  high  gain  antennas  to  provide  high  EIRP  in  the  60-65  dbw  range  is  what 
distinguishes  this  type  of  repeater  system  from  a communication  satellite  system. 

There  are  five  critical  technology  areas  for  broadcast  satellites  to  Met 
the  sensitivity  and  EIRP  requirments  in  addition  to  providing  stability  of 
spacecraft  motion.  They  are  LNA,  antennas,  filters,  attitude  control,  and  dc  power 
(batteries  and  solar  cell  arrays).  These  technologies  will  be  discussed  in  the 
following  paragraphs. 
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TABLE  5-26 


CANDI0A1E  TRAMSrOHDER  COMPONENTS 


IlSvlUi 

197$  - 1988 

LNA 

Hlxara 

7DA 

TDA 

Parasaps 
PET  Amps 
Mlxars 

Josapbson  Tuaaallns 

R«c«lv«r  C«in 

TWT 

Transistors 

FET  Amps 

OscilXacora 

Mlxart 

Mtltipliars 
Scbottky  Oloda 

lET  Oscillator 
FET  Mixar 

ACC 

Transistors 
PIN  Diode 

Dual  Cats  FET 
PIN  Dloda 

Llmitara 

TDA 

FIN  Dloda 

FET  Llaitar 

Powar  Aopa 

TWTA 

Inpatt  Amp 

FET  Powar  Aap 

tuta 

Impatt  Asp 

Svicchaa 

FIN  Dioda 
Scbottky  Oloda 

FET  (Sln^la  & Dual  Cata) 
PIN  Oloda 

PSK  Modulators 

Scbottky  Oloda 

Scbottky  Oloda 

FET  (Sln^la  A Dual  Cata) 
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TABLE  5-27 


Parameter  of  S<f  Hite  G/T  and  EIRP 


Satellite  G/T  Key  Parametera 

o Antenna  gain  (receive)  (G) 
o Antenna  noise  (earth  temperature) 

o Feed  and  filter  loss  in  noi'je  temperature 
between  LNA  and  antenna  (T^°) 

o LNA  receiver  noise  temperature  and  gain  - T_ 

Xv 

, G(db) 

G/T  - 

(^A  * \ 

for  small  values  of  feed  and  filter  loss. 


Satellite  EIRP 


o Transmit  Antenna  gain  (G) 
o Output  channel  filter  and  feed  loss  (L) 
o Power  amplifier  output  power  Isval  P^  (not 
necessarily  ^t  saturation) 

EIRP  - C + P - L 
o 
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5.6.3  Satellite  Receiver  Technology 


Four  type*"  low  noise  receiver  front  ends  are  in  use  in  conanunication 
satellites  today:  (Table  5-28). 

o Tunnel  diode  amplifiers 

o Mixer  - low-noi.ie  post  amplifier  complexes 
o Parametric  amplifiers 
o FET  amplifiers 

The  tunnel  diode  amplifier  with  its  4-6  dB  noise  figure  in  the  6 and  16  GHz 
frequency  ranges  is  widely  used  in  Intelsat  satellites  and  in  Symphonic,  and 
has  prove!'  to  be  stable  low  noise  amplifier.  Table  5-28  lists  many  of  the  . 
amplifier  characteristics  now  achieved  in  principal  comnunication  bands. 

Mixer  technology  is  providing  mixers  with  con'version  losses  in  the  3.5-6  dB 
range  at  frequencies  from  2 to  60  GHz.  Such  a mixer  operating  into  a post  low 
noise  amplifier  having  a noise  figure  of,  say,  5 dB  will  provide  an  o'verall 
noise  figure  of  9-11  dB.  The  mixer  - post  amplifier  combination  was  used  at 
30  GHz  for  the  Japan  CS  to  provide  a 10.5  dB  noise  figure  based  on  a 6 dB  mixer 
operating  into  a wide  band  3-5  GHz  FET  amplifier  with  a 4.5  dB  noise  figure. 

This  wa.s  designed  in  1974  when  tunnel  diode  amplifier  technology  at  this  frequency 
was  determined  not  to  ha-ve  sufficient  reliability  and  30  GHz  paramps  had  not  been 
qualified  for  space. 

For  a long  time  the  parametric  amplifier  was  looked  upon  as  a "Peck's  bad 

boy"  whose  need  to  be  constantly  tweaked  during  the  days  of  using  klystron  pumps 

mitigated  against  its  consideration  as  a space  device.  However,  the  use  of  the 
stable  long-life  Gunn  oscillator  pump  and  the  advent  of  computer  aided  design 
gave  rise  to  a paramp  which  can  now  be  reliably  operated  in  spacecraft.  Table 
5-29  lists  the  principal  space  satcon  paramps  which  have  been  developed  in  Japan, 

Europe  and  U.S.  A 14-GHz  paramp  in  CIS  has  amassed  more  than  10,000  hours  of 
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TABI£  5-28 


NOISE  PERPORHANd  OF  CANDIDATE  SPACECRAFT  LSA 

TYPE 

amplifier 

NOISE  TEMPERATURES  (°K)/ 
FACTORS  (dB) 

FREQUENCY  (CH*) 

6 . 

8 

14.25  I 

28 

UNCOOLED 

PARAMP 

50®K 

75®K 

75°K- 

100*K 

^■1 

TDA 

in 

4.0 

wm 

3.0 

FET 

mam 

wm 

wm 



MIRER  (CON- 
VERSION LOSS 

m 

4.0 

4.5 

5.0 
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lABLE  5-29 


csvtLorfcsrrs  ix 

SPACCCRATC 

PARAMP  dOWOLOCY 

Fr^quti^jv 

Come any 

Lcoaet  3n 

Voi**  Tecoaraturt 

Uaar 

2.2  i.i* 

'-'JR 

USA 

33"X 

MAS A,  TDRSS 

2.5-i.2S  CH* 

All. 

USA 

100-150®X 

NASA  for  Usa  Aboard 

Spact  Sbucria 

Gd  TelacseBunicaciona 

ItlLy 

250  \ 

Used  In  CIS 

U.i  GHz 

AIL 

USA 

NASA 

.'U.crowfa 

USA 

250’®X 

NASA 

L.'JR 

USA 

rs^K 

NASA,  TDRSS 

30  GHi 

Fiijicau  Laba 

Japan 

4.3  3B  HP 

ExparLscncal 

-N'R 

USA 

3.5  38  Nf 

Exparieencal 

36  G.Hz 

AIL 

USA 

3.3  38  NT 

Exparmancal 

All, 


iO  wHs 


USA 


o.o  38  sr 


Ex?«tiJMntai 


continuous  operation  without  loss  of  noise  temperature  or  undergoing  any  band- 
width gain  change.  A 14-GHz  paramp  will  be  used  in  TDRSS,  and  Fujitsu  in  Japan 
has  developed  a 30  GHz  satcom  paramp  which  is  a candidate  front  end  low  noise 
amplifier  for  future  Japan  satcoms  to  have  input  fre<iuencies  at  the  band. 

Perhaps  the  Jiost  useful  development  for  low  noise  front  ends  of  coiommication 
satellites  is  the  FET  amplifier  which  does  not  require  the  pump  power  of  a paramp 
and  gives  a noise  figure  almost  as  low  as  that  of  an  uncooled  paramp,  particularly 
if  it  can  be  cooled  to  some  temperature  from  100°K  to  -40”c.  At  present,  noise 
figures  of  around  2 dB  at  4 GHz,  and  4 dB  at  14  GHz  and  6 dB  at  18  GHz  are 
being  obtained  with  half-micron  gate  FET's  and  noise  figures  as  low  as  1-1.5  dB 
have  been  achieved  by  cooling  these  FET  amplifiers  to  temperatures  as  low  as  100°K. 
Figure  5-29  provides  a graph  of  noise  figure  versus  frequency  for  various  manu- 
facturers . 

Low  noise  amplifiers  of  both  the  FET  and  paramp  '<niriety  are  used  for  earth 
terminal  showing  again  the  wide  variety  of  amplifiers  presented  to  the  world 
marketplace  by  Japanese,  U.S. , and  European  manufacturers,  illustrating  that 
low  noise  amplifiers,  whether  in  space  or  on  the  ground,  is  truly  a worldwide 
technology  with  Japan  emerging  as  the  principal  device  manufacturer.  (Table  5-30). 


* at  12  GHz 
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Mitsubishi 
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TABLE  5-30 

NOISE  PEBPORMANCE  OF  CANDIDATE  SPACECRAFT  LNA  AT  14.25  GHz 


Type  Amplifier 

Uncooled  Paramp 

FET 

TDA 

Mixer  (Conversion  Loss) 


Noise  Temperatures  (°K)/ 
Factors  fdB) 

75°K  O^) 

200°K 

3.0  dB 

6.0  dB 

3. 5-5.0  dB 


STATUS  OF  SPACECRAFT  PARAMP  TECHNOLOGY  AT  14.25  GHz 


Source  and  Location 
of  Development 

LNR  - USA 
AIL  - USA 

GTE  Telecommunications  - Italy 
Micromega  - USA 


Noise  Temperature  User 


75°K 

NASA, 

TDRSS 

130°K 

NASA 

250°K 

Used 

in  CTS 

250°K 

NASA 

STATUS  OF  FET  AMPLIFIER  TECHNOLOGY  AT  14.25  GHz 


Source  >md  Location  Noise  Figure 

Comsat /Watkins  Johnson  - USA  3.5  dB 

SPAR  ' Canada  (OTU) 

AVAKIEK  3.0  dB 

NEC  3.0  dB 
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5.6.4  Satellite  Filter  Technology 

Filter  multiplexers  ere  required  to  channelize  the  available  total  frequency 
bands  used  by  the  transponder.  The  major  tradeoff  in  filter  design  in  a 
nra-vave  satcom  is  one  of  channel  bandwidth  versus  guardband  bandwidth  which 
determines  the  filter  loss  and  therefore  the  reduction  in  amplifier  power 
presented  to  the  antenna.  Table  S-31  lists  the  channel  bandwidths  and  guard- 
bands  of  principal  satcoms  now  in  use.  Note  the  stringent  guard-band  require- 
men’:s  - around  4 MHz  guardband  between  40  MHz  channels  - for  the  Intelsat  and 
U.S,  doiMstic  satcoms,  as  compared  to  the  large  guardbands  typical  of  European 
and  Japanese  satellites.  This  represents  a major  gap  in  technological  filter 
comperence  between  the  U.S.  technology  on  the  European  and  Japanese  technologies 
with  the  U.S.  presently  enjoying  a significant  lead. 

Several  developments  for  4 GHz  and  11  GHz  input/output  for  the  multiplexers 
took  place  in  the  1973-1975  period  which  greatly  impacted  on  spacecraft  filter 
design  and  manufacture,  i.e.:  (Table  5-32). 

o The  development  of  the  dual-mode  ellyptic  filter  by  Atia  and  Williams 
at  Comsat  Laboratories,  which  provided  channel  characteristics  in  small 
lightweight  filters  using  only  a few  cavities  to  replace  the  large 
Tschbychev  waveguide  filters  using  as  many  as  14  sections. 

o The  development  of  filters  using  graphite  epoxy  material  by  O' Donovan 
and  Kalianteris  of  the  then  RCA  Limited  in  Canada  (now  COM-DEV) , for 
the  24-chann«l  SATCOM  which  greatly  reduced  filter  weight  for  the 
Tschebchev  filters  and  made  possible  meeting  the  weight  limitations  of  the 
RCA  satcoms. 

o The  development  of  linear  phase  filters  by  GEC-Marconi  for  OTS  based 
on  design  by  Dr.  David  Rhodes  of  Leeds  University  (UK)  and  MDL  (USA). 
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TABLE  5-31 


TYPICAL  EXAMPlJC  OP  Cll/ 


fiyatiiin 


Fniquenc^ 


DUGS -2 

3/8 

HATO-3 

7/8 

INlTiLSAT  I'f 

6/6 

INITil.SAT  IVA 

6/6 

INTELSAT  V 

6/6,  U/16 

ANJK 

6/6 

UeaCar 

6/6 

RCA  Sr'Ccooi* 

6/6 

Japan  CS 

20/30 

ATP  Comatar* 

6/6 

trrs  (ESA 

11/16 

Sym|ilionle 

CTS 

6/6 

11/16 

* Du«i  linear  (tularlzatimi 


BANDWIDTH 


Uuenblu  Cliuuuel 
Baixlwitltlia  (MHz) 


Minlniuiii  Guard  Band 


In  Turnib  ut  0/0 
Clwuinul  HU  (X) 


7,  50,  100  20-30 

17/50/85  20-30 

36  10 

36  10 

36,36,6l,72,77,2iil  8.3  to  11 

36  11 

36  10 

36  11 

200  50-60 

60  17.6 

5.  60,  920  100 


o 

-n  V I 

'“'I 

l:  • 

C)  _ . ii 


I,"  ) 

. ] 
-"i  Of 


80 

85 


32 


TABLE  5-32 


ADVANCES  IN  FILTER  TECHNOLOGY  ART 


1960-1974 


1974  - On 


Tschebychev  Filters  for  Channelization 

Intelsat  IV  specs  gave  most  significant  requirements 
12  Channels 

• 40  MHz  BW  each  in  500  MHz  range 

• Useful  channel  bandwidth  - 36  MHz 

• 4 MKz  channel  separation 
Equalizers  required 

Filters  and  equalizers,  heavy  and  large  size 

Development  of  New  Types  of  Filters  - New  Materials 

New  filter  type:  Dual-Mode  Elliptic 

e Reduction  in  required  filter  sections 
e Excellent  adjacent  channel  isolation 

• Used  in  Intelsat  IV-A 
Linear  Phase 

• Reduces  equalization  requirements 

• Used  in  Japan  CS  at  C-band 

Lightweight  filter  materials 

e Aluminum 

• Graphite  epoxy 

Development  of  contiguous  band  dual -mode  filter  multiplexers 
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o The  development  of  dual  mode  ellyptlc  filters  for  11  GHz  by  O' Donovan 
and  Kalianterls  of  COMDEV  In  Canada  for  CIS  and  Anik  F4. 

o The  development  of  4 GHz  dual-mode  contiguous  band  filters  In  graphite 
epoxy  by  J.  Bowes  of  Ford  Aerospace  and  Dr.  S.  Cohn,  Consultant,  for 
use  in  Intelsat-V. 

o The  development  of  a 7-channel  directional  multiplexer  at  18  GHz  by 
J.  Bowes  of  Ford  Aerospace  for  Japan  in  using  cylindrical  mode 

coupled  cavities. 

Table  5-33  lists  the  state-of-art  of  filters  and  multiplexers  in  conmunica- 

* 

tion  satellites  at  4 and  11  GHz  due  to  Dr.  C.  Kudsia  of  COMDEV  Canada;  these 
authors  also  provided  the  nmterial  selection  tradeoffs  listed  in  Table  5-34,  and 
described  the  ANIK*C  Ku-band  filter  multiplexer  shown  in  Figure  5-30  and  described 
in  Table  5-35;  these  filters  illustrate  a level  of  sophistication  virtually 
undreamed  over  only  5 years  ago. 

Table  5-36  lists  the  filters  now  used  in  major  satcom  transponders  and  the 
name  and  location  of  the  filter  developers.  The  technology  c»P*  between  Europe, 
Japan  and  the  U.S.A.  is  narrow  and  virtually  non-existent.  This  started  with 
technology  exchanges  between  the  U.S.  and  Europe  already  in  effect,  i.e.,  the 
MDL  (U.S.)  and  GEC-Marconi  (UK)  cross- licencing  agreement  on  linear  phase  filters, 
the  subcontract  by  Hughes  to  AEG  Telefunken  on  Intelsat  IVA  filters  and  the 
trailing  of  French  filter  engineers  in  dual  mode  ellyptic  filter  techniques 
at  Comsat  Labs. 


* Kudsia  & O' Donovan,  AIAA  8tb  Satellite  Comrtuni cat ions  Conference  Orlando, 
Florida,  1980. 

y 
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TABLE  5-33 


MICROWAVE  FILTERS  ( MULTIPLEXERS  IN  COMMUNICATIONS  SATELLITES:  STATE*OF-TNE-ART 


Output 

Multiplexing 

Network! 


I «pu  t 
Channel  i x 
FI  I ten 


ng 


FREQUENCY 

BAND 

CONFIGURATION 

PROGRAM 

MULTIPLEXER 

SUPPLIER 

b CHr 

k-Pole  dual-mode  elliptic  function  TEm 
filters  in  INVAR  on  curved  manifold 

lirrELSAT  IV-A 

Hughes  Aircraft 
r.o.  (MAC) 

CFRP*  (-Pole  dual-mode  quazi-el  1 lp'^’ 
TEiil  filters  combined  contiguously 
on  a straight  man i fold 

INTELSAT  V 

Ford  Aerospace  & 
Communications 
Corp.  (FACC) 

6-Pole  dual-mode  quazl-ell  iptic  TEm 
filters  In  INVAR  on  curved  manifold 

ANIK-0 

PALAPA-B 

COM  DEV  ltd. 
COM  DEV  LTD. 

11/12  CHi 

k-Pole  dual-mode  elliptic  function  TEiei 
filters  in  INVAR 

AN  1 K-B 
INTELSAT  V 

COM  DEV  LTD. 
COM  DEV  LTD. 

6-Pole  dual-mode  quazl-ell Iptic  TEjjj 
filters  in  INVAR 

ANIK-C 

COM  DEV  LTD. 

6-Polc  Canonical  dual-mode  elliptic 
function  TEjjt  filters  In  INVAR 

SBS 

MAC 

li  GHz 

8-Pole  dual -mode  quazi-el  1 iptic  TEni 
filters  in  INVAR 

INTUSAT  IV-A 

MAC 

R-Pole  dual-mode  quazi-el 1 iptic  TEjjj 
filters  In  CFRP* 

INTELSAT  V 
ANIK-0 

FACC 

Spar  Aerospace  Ltd 

6-Polc  Canonical  dual-mode  elliptic 
function  TEni  filters  in  INVAR 

PALAPA-B 

COM  DEV  LTO. 

11/12  GHz 

8-Pole  dual-mode  quazl-el  1 Iptic  TEus 
filters  in  INVAR  in  cascade  with  2-polc 
dual -mode  allpas  TEid  equalizer 

ANIK-C 

COM  DEV  LTD.- 

6-Pole  Canonical  dual-mode  elliptic 
function  TEii3  filters  in  INVAR  in 

SBS 

MAC 

cascade  -ith  k-pole  dual  mode  allpaee 
1 1 3 equa 1 1 2e  r . 


• Graphite  Fiber  Reinforced  Plaitic. 
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TABLE  5-34 

MATERIAL  SELECTION  TRAOEOfFS  FOR  HICROUAVE  FILTER  NETWORKS 


Oparating  tampcratura  ranga  0*C  to  50*C 

Ailowanca  For  misal ignmant  t manufacturing  tolarancas  in  TOTAL 
ELFO  • i.25  MHi  at  A GHz;  *.5  MHz  at  12  GHz;  1.75  HHz  at  20  GHz 


MATERIAL 

COEFFICIENT 
OF  THERMAL 
EXPANSION  (a) 
RAW  MATERIAL 
ppm/*C 

EFFECTIVE  ’a' 
FOR  A 
FINISHED 

Filter  * 

ppm/*C 

Minnas  I um 

29.8 

35 

Alumini^ 

22. A 

25 

Stainless 

Steel 

5.3 

6 

invar 

1.6 

2 to  2.5 

GFKpee* 

1.5 

2 to  3.0 

GRAVITY  WEIGHT  OF  A 
FINISHED 
RF  FILTER 


total  ELFO  in  MHz 


center  FREQUENCY  IN  GHz 


* Coafficiant  of  tharmal  expansion  in  a finiihad  filtar  Is  always  greatar  than  that  of  the  raw 
material.  This  discrepancy  is  due  to  manufacturing  processes,  non-ldaal  shapes  of  resonant 
cavities,  and  use  of  tuning  elements  in  the  finished  filter. 

**  This  Is  bated  on  using  20  mil  average  thickness  for  Invar  and  steel  units,  AO  to  A5  mil  average 
thickness  for  Al  ( Mg,  and  50  mil  thickness  for  GFRF.  Other  hardware  like  screws,  bushings, 
plating  etc.,  is  the  same  for  all  units. 

***  CRFR  tamperarure  data  does  not  take  into  accosmt  long  term  "creep"  effects  which  will  result  In 
a slightly  larger  allowance  for  ELFO.  At  A GHz.  available  data  lU  indicates  n ELFO  of  .365  MHz 
due  to  long  term  "creep"  over  a 10  year  life  span. 
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FILTER  REALIZATION  S STRUCTURE  TRADEOFFS 


FILTER 

STRUCTURE 

PREFERRED 

OPERATING 

FREQUENCY 

BAND(GHz) 

PRACTICAL 

UNLOADED 

Q 

AVAILABLE 

BANDWIDTH 

SALIENT  CHARACTERISTICS 

Standard 

Waveguide 

2 - 90 

See  Fig.  1 

<10t 

Simplest  but  bulky  structure.  Single-mode  opera- 
tion. Poor  isolation  response  beyond  1.5  x fg. 
Restricted  to  all-pole  response  functions. 

C i rcular/Square 
Waveguide 

2-90 

See  Fig.  I 

<10% 

Simple  construction  u permits  dual-mode  operation. 

No  restriction  on  response  functions  under  dual-mde 
operation.  Poor  isolation  beyond  1.5  x Pq.  Greater 
incidence  of  spurious. 

Evanescent 
Mode  Structure 

.2  - 12 

Typically 
half  of 
standard 
WG  structure 

<151 

Simple  construction  but  sensitive  to  temperature. 
Superior  wideband  isolation  characteristics. 
Provides  a practical  Q vs  size  tradeoff. 

1 ncer'Di  g i ta  1 
(id)  Structure 

.1  - lA 

See  Fig.  2 

o 

V 

Simple  construction  but  bulky  to  realize  high  Qs. 
No  restrictioi  on  bandwidth.  Superior  wideband 
isolation  characteristics. 

Coax  Cavity 
Structure 

.1-8 

See  Fig.  3 

<5% 

High  Q structure  but  bandwidth  limitations.  Con- 
struction can  difficult  depending  upon  require- 

ments of  response  functions  and  weight. 

Dielectric 
Loaded  Resonator 
Filters 

.1-1* 

Typical ly 
half  of  ID 
structure 

<25% 
in  ID 
structure 

Compact  structure  but  lower  Qs.  Sensitive  to 
temperature.  Requires  superior  dielectric  materials. 
Construction  can  be  difficult. 
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INPUT  MULTIPLEXER  FILTER  TRADEOFFS  FOR  ANIK-C  SATELLITE 
USING  LONGITUDINAL  DUAL-MODE  TEh3  FILTER  C EOUALIZER 


CRITICAL  performance  REQUIREMENTS* 


Frequency  Sand 
Usable  Channel  SandMidth 
insertion  Loss  Variation 
Isolation 

Ampl Itude  Slope 
Group  Delay 


Assumed  equivalent  linear  frequency  drift 
Assumed  average  Unloaded  Q of  Waveguide  Cavities 


11.7  to  12.2  GHz 
fo  i 27  MHz 

<1.2  dS  over  fg±  27  NHz 

>25  dS  at  fo±  36  MHz 

>l«5  dS  at  fg  1 so  MHz  and  beyond 

«.01  dS/MHz  over  fg±13  HHz 

(2  ns  at  fg  t 18  MHz 

<5  ns  at  fg  i 21  MHz 

^1 .5  ns  ripple 

i I MHz 

n,ooo 


FILTER 

ISOLATION 

LOSS  VARIATION 

GAIN-SLOPE 

GROUP  DELAY  (ns) 

CONFIGURATION 

• AT  ±36 

OVER  *13 

(dB) 

(dB) 

(dB/MHz) 

±18 

*21 

RIPPLE 

10-pole  linear  phase 

15 

.65 

.006 

1 

3 

.5 

filter  with  two  pairs 
of  real -ax  is  zeros 

20 

.8 

.00? 

1 

k 

1 

25 

l.l| 

.013 

1.8 

5.5 

1 

I0-po1e  linear  phase 

20 

.8 

.011 

3.5 

8 

0 

filter  with  One  pair  of 
transmission  zeros  & one 

25 

1 

.016 

7 

11 

0 

pair  of  reel-axis  zeros 

30 

1.25 

.016 

7 

12.5 

0 

8-po1e  filter  with  one 
pai.  of  transmission  zeros 
i 2-poIe  allpass  equalizer 

25 

.75 

.003 

.7 

3 

.5 

* These  requirements  are 

for  the 

whole 

t-ansponder  prior 

to  the  TVTTAs. 

input 

MULTI 

PLEXER  FILTER  TRADEOFFS  FOR  SBS 

SATELLITE 

USING 

CANONICAL  DUAL-MODE  TEi 

. 3 FILTER  6 EQUALIZER 

CRITICAL  PERFORMANCE  REQUIREMENTS* 


Frequency  Band 
Usable  Channel  Bandwidth 
Insertion  Loss  Variation 
Isolation 

pi  i tude  Slope 
Group  Delay 


Assumed  equivalent  linear  frequency  Drift 
Assumed  average  Unloaded  Q of  Waveguide  Cavities 


11.7  to  12.2  GHz 
fg  ±21.5  MHz 

<1 .0  dB  over  f-  ±21 .5  MHz 
>15  dB  at  fg  + 27.7  MHz 
>35  dB  at  fg±3l  MHz  and  beyond 
#.084  dB/MHz  over  fg±15  MHz 
<2  ns  at  fg  * 15 
<5  ns  at  fg  ± 1 7 MHz 
<11  ns  at  fg  ± 13  MHz 
(27  ns  at  fo±2t.S  MHz 
<1.2  ns  ripple 
± 1 MHz 
11,000 


FILTER 

CONFIGURATION 

ISOLATION 

AT 

LOSS  VARIATION 
OVERT  21 .5 
(dB) 

GAIN-SLOPE 
OVER  ± 15 
(dB/»lz) 

GROUP  DELAY  (ns) 

±27.7 

i3I 

±15 

±17 

±13 

±21.5 

RIPPLE 

fl-pole  f i 1 ter  with 
one  pair  of  transmission 

8.5 

28 

.65 

.04 

1 

3.5 

3 

20 

I 

zeros  1 two  pairs  of 

10 

30 

.7 

.^54 

1 .2 

4 

9.5 

25 

1 

real-axis  zeros 

15 

>35 

1.1 

.045 

2.0 

6.0 

12.5 

35 

1 

8-pole  f i 1 ter  wi  th  two 
pairs  of  transmission 

15 

>35 

1.1 

.055 

8<> 

NO 

17 

40 

0 

zeros  t one  pair  of 

20 

>35 

1 .2 

.06 

7 

11 

18.5 

**3 

0 

real -axis  zeros 

25 

>35 

1.35 

.065 

7-5 

12 

20 

48 

0 

6-pole  elliptic  function 
filter  with  two  pairs  of 
transmission  zeros  plus 
2-po1e  ailpass  equalizer 

IS 

>35 

.3 

.016 

1 

3.5 

10 

29 

1.1 
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FILTERS  FOR  USE  IN  SPACECRAFT  TRANSPONDERS 


Frequency 

CGHz) 

8 

Mul tin lexer  Type 
Linear  Phase 

Company 

Marconi 

Location 

U.K. 

User 

OTS 

2 

Tschebychev 

Ford 

USA 

ATS-6 

4m 

Tschebychev 

AIL 

USA 

NASA 

Tschebychev 

Hughes 

USA 

Wes tar,  Anik, 
INTELSAT  IV 

Tschebychev 

TRW 

USA 

INTELSAT  III 

Tschebychev 

MDL 

USA 

JCS 

Tschebychev 

Thomson-CSF 

France 

Symphonie 

3.7  - 4.2 

Tschebychev 

RCA  Ltd.  . 
COMDEV 

Canada 

RCA  Satcom 
(graphite  epoxy) 

Tschebychev 

NEC 

Japan 

JCS 

Dual  Mode 

Hughes 

USA 

INTELSAT  IVA 

Dual  Mode 

Telefunken  AEG 

W.  Germany 

INTELSAT  IVA 

Dual  Mode 

NEC 

Japan 

INTELSAT  IVA 

Dual  Mode 
Contiguous 
Multiplexer 

Ford  Aerospace 

USA 

INTELSAT  V 

5.9  - 6.4 

Multiplexer 

Siemens 

W.  Germany 

Symphonie 

Tschebychev 

Ford  Aerospace 

USA 

NATO  III 

Tschebychev 

RCA 

USA 

Tacsat 

7.25-7.75 

Tschebychev 

Marconi 

U.K. 

Skynet 

Tschebychev/ 
Dual  Mode 

Wavecom 

USA 

DSCS  II 

Tschebychev 

G.E. 

USA 

DSCS  III 

Tschebychev 

Thomson-CSF 

France 

OTS 

Tschebychev 

Erickson 

Sweden 

OTS 

11  7-12  2 

Ellyptic 

COMDEV 

Canada 

INTELSAT  V 

Ellyptic 

COMDEV 

Canada 

Anik  F4 

Ellyptic/Dual  Mode 

TRW /Wavecom 

USA 

TDRSS 

Tschebychev 

RCA  Ltd. 
(now  SPAR) 

Canada 

CTS 

Tschebychev 

G.E. 

USA 

Japan  BSE 

Tschebychev 

Ford  Aerospace 

USA 

Japan  CS 

17.7-20.2 

Tschebychev 
(single  band) 

NEC 

Japan 

Japan  CS 

Tschebychev 

Comsat  Labs 

USA 

AIS-6 

Linear  Phase 

MDL 

USA 

Experimental  for 

Ford  Aerospace 


27  - 30 

Tschebychev 

Ford  Aerospace 

USA 

Japan  CS 

Tschebychev 

Lincoln  Labs 

USA 

LES  8-9 

34 

Tschebychev 

RRL/M}PT 

Japan 

ECS  prototype 

Tschebychev 

NEC 

Japan 

ECS 

Above  30  Tschebychev  Fujitsu  Japan 


Guided  nin-wave  system 


5.6.5  Satellite  Power  Amplifier  Technol'ogy 

The  power  amplifier  for  transponders,  with  the  antenna  gain,  provides  the 
spa.:ecraft  EIRP  and  represents  a key  component  in  the  down-link.  Historically, 
the  traveling  wave  tube  amplifier,  with  its  excellent  history  of  life  and  re- 
liability in  space,  has  served  this  power  amplifier  function.  A decade  ago, 
the  principal  suppliers  were  Hughes  for  the  early  Intelsat  systems  and  Watkins- 
Johnson  and  Eimac  for  the  IDCSP  satellites  and  Watkins- Johnson  for  many  NASA/ 

JPL  deep  space  probes. 

The  early  U.S.  domination  of  the  2 and  4 GHz  space  TWT  technology  led  the 
European  Space  Agency's  predecessor,  ESRO,  to  fund  11  GHz  TWT  programs  at  the 
20  watt  level,  a decision  which  has  had  far  reaching  consequences  in  establishing 
Europe  as  a major  TWT  supplier  for  space  satcoms,  and  in  particular,  those  address- 
ing the  11/14  GHz  frequencies.  Also,  in  the  early  1970's,  the  Japanese  National 
Space  Agency,  NASDA,  funded  NEC  to  develop  space  TWT  for  4 and  19  GHz  for  ultimate 
use  in  the  Japan  CS  and  ETS-IV,  thereby  creating  another  important  space  TWT 
technology  base  in  the  world.  The  USSR  entered  the  space  TWT  development  arena  in 
the  1960's,  producing  50  watt  4 GHz  TWT  for  the  Molnyas  satellites  and  in  the 
early  1970' s,  a 300  watt  space  klystron  at  716  MHz  for  Statsionar-T . 

Today,  the  space  TWT  technology  is  world-wide  and  Table  5-37  lists  many  of 
the  space  TWT  which  are  manufactured  all  over  the  world,  including  the  Russian 
UHF  space  klystron  and  the  array  of  11  GHz  TWT  from  10  to  700  watts  which  are 
manufactured  in  Europe  for  the  European  OTS/ECS  and  H-sat  and  the  U.S.  TDRSS 
and  SBS  systems.  The  development  of  these  TWT  has  also  brought  about  the 
development  of  reliable  high  efficiency  and  light-weight  power  supplies  and  high 
efficiency  multiple  collector  techniques  which  have  achieved  dc-to-rf  efficiencies 
in  the  40-507,  range. 
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TABLE  5-37 
SPACE  TWT  SUPPLIERS 


Frequency 

(GHz) 

Power  Level 
(watts) 

Company 

Country 

User 

2 

50,  100 

Watkins  Johnson 

USA 

NASA 

0.5 

Hughes 

USA 

INTELSAT  IV 

4.5 

Hughes 

USA 

INTELSAT  IV,  IVA 

3.7  -4.2 

4.5 

NEC 

Japan 

JCS 

8 

Hughes 

USA 

INTELSAT  V 

10 

Telefunken  AEG 

W.  Germany 

Anik 

10 

Hughes 

USA 

ATS -6 

13 

Telefunken  AEG 

W.  Germany 

Symphonie 

17 

Hughes 

USA 

Skynet 

7.25-7.75 

20 

Hughes 

USA 

NATO  III 

20 

Hughes 

USA 

DSCS  III,  Tacsat 

1 

Hughes 

USA 

Classified 

10 

Hughes 

USA 

SIRIO 

10 

Thcxason-CSF 

France 

INTELSAT  V 

11.7-12.2 

(Nominal) 

20 

20 

Thomson-CSF 
Telefunken  AEG 

France 
W.  Germany 

OTS,  CTS 
OTS,  Anik 

25 

Telefunken  AEG 

W.  Germany 

SBS 

30 

Telefunken  AEG 

W.  Germany 

TDRSS 

100  * 

Hughes 

USA 

Japan  BSE 

150 

Thomson-CSF 

France 

H-SAT 

200 

Litton 

USA 

CTS 

450 

Telefunken  AEG 

W.  Germany 

H-SAT 

700 

Telefunken  AEG 

W.  Germany 

TV  - German 

700 

Siemens 

W.  Germany 

TV  - German 

14 

1.5,  20 

Hughes 

USA 

Skynet 

50 

Hughes 

USA 

Shuttle 

2.5 

Hughes 

ATS -6 

17.7-20.2 

4 

Hughes 

USA 

JCS 

4 

NEC 

Japan 

JCS 

10 

Hughes 

ATT  (Exp) 

30 

2.5 

Hughes 

USA 

ATS -6 

20 

Watkins  Johnson 

USA 

RADC 

43 

10 

Hughes 

USA 

Classified 

100 

Hughes 

USA 

NASA 

60 

13,  50 

Hughes 

USA 

Classified 

84 

200 

Hughes 

USA 

NASA 

* In  1980, 

NEC  announced 

the  development  of  a 

100-watt  Space 

TWT  for  12  GHz. 
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This  disbursement  of  spece  TWT  technology  on  a world'Wide  basis  displayed  in 
Table  5-37,  which  lists  the  various  suppliers  and  the  power  levels  according  to 
frequency  range,  indicates  that  at  11  GHz,  the  European  domination  of  this  art 
is  evident,  despite  contributions  of  space  TWT  by  Hughes  to  Italy’s  Sirio,  and 
Japan's  BSE,  and  by  Litton  to  Canada's  CTS.  It  is  Thomson-CSF  and  Telefunken 
AKG  in  Europe  who,  through  R&D  contracts  for  CTS,  OTS , Comsat  Labs  and  H-Sat, 
now  dominate  the  U.S.  market  of  11  GHz  space  TWT  for  SBS,  TDRSS , and  ANIK  F4. 

With  the  growing  interest  in  11/14  GHz,  due  to  WARC-77,  this  European  technolo- 
gical superiority  is  significant. 

Table  5-38  provides  more  detail  of  the  space  TWT  suppliers  for  the  11.7- 
12.2  GHz  band,  and  since  this  Table  was  compiled  in  winter  1979-1980,  NEC  - Japan, 
announced  development  of  a 100  watt  TWIA  for  space. 

Table  5-39  lists  the  salient  features  of  the  Thomson-CSF  10  watt,  20  watt, 
and  150  watt  WT;  Tables  5-40  and  5-41  and  Figure  5-31  provide  details  on  the 
AEG  Telefunken  space  TWTA  at  various  frequencies,  with  Figure  5-31  indicating 
the  excellent  efficiencies  (45-50%)  achieved  for  both  the  200  watt  and  450  watt 
TWTA. 

Figure  5-32  shows  a chart  due  to  R.  Strauss  of  Comsat  Labs  relating  power 
level  for  both  helix  and  coupled  cavity  TWTA  at  11  GHz  and  20  GHz  down- links  show- 
ing the  capability  up  to  one  kilowatt  TWT  or  Klystron  at  these  frequencies. 

Figure  5-33  shows  a plot  of  maximum  RF  power  versus  frequencies  for  Klystron, 
helix  TWT  and  coupled  cavity  TWT  showing  that  at  around  250  watts  at  12  GHz, 
the  helix  TWT  technology  advances  to  its  limit  based  on  the  ability  to  conduct 
heat  from  the  helix,  and  for  higher  saturated  power,  the  coupled  cavity  TWT  or  the 
Klystron  must  be  used. 
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TABLE  5-38 

SPACE  TWT  SUPPLIEEIS  FOR  11.7-12.2  GHz  BAND 
Power  Level  (watts)  Country  (of  Mfg.l 


1 

USA 

Classified 

10 

USA 

SIRIO 

10 

France 

INTELSAT  V 

20 

France 

OTS,  CIS 

20 

W.  Germany 

OTS,  ANIK 

25 

’■J.  Germany 

SBS 

30 

W.  Germany 

TDRSS 

100 

USA 

Japan  BSE 

150 

France 

L-SAT 

200 

USA 

CTS 

260 

F ranee /W. Germany 

TV -SAT 

450 

W.  Germany 

L-SAT 

700 

V.  Germany 

TV  - German 

1500  (klystron) 

W.  Germany 

Experimental 
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TABl£  5-39 

CHARAC'IERISTICS  OF  THE  THOMSON-CSF 
INTELSAT -V  TH-3559  ll-GHz/lO-W  TWT 

Gain  At  Saturation 

Gain  Ripple,  Max.  in  Any  240  MHz  Channel 

3rd  Order  Intermodulation  Products, 

Relative  to  Either  Carrier  (2  Carriers 
10  dB  Below  Saturation) 

AM/PM  Conversion 

Small  Signal  to  Saturation  Phase  Shift,  Typ 


55  dB 
+ 0.1  dB 

-17  dB 

6°/dB 

40° 


THOMSON-CSF  GTS/CTS  20-Watt  11 -GHz  TWT 


Characteristics 

Output  Power 

Phase  Shift 
Efficiency 


Double  Collector  Tube 
TH  3525 

Single  Mode  20W 
40° 

407.  at  20W 


Triple  Collector  Tube 
TH  3535 


3 Modes:  20W,  8W,  4W 
Constant  Drive  Power 

30° 

437.  at  20W 
287.  at  SW 
187.  at  4W 


Weight  (Including  HV  Leads)  650  g 450  g 


CHARACTERISTICS  OF  THE  THOMSON-CSF 
H-SAT  TH-3579  12-GHz,  100-150-W  TWT 


Gain  at  Saturation 

Gain  Ripple  at  Saturation  in  Any  50-Mh..  Channel 

3rd  Order  Intermodulatton  Products,  Relat.ve 
to  Either  Carrier  (2  Carriers  9 dB  Below 
Saturation) 

AM/ PM  Conversion 

Small  Signal  to  Saturation  Phase  Shift,  Typ 


50-55  dB 
+0.1  dB 

-23  dB 

5°/dB 

40° 
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TABLE  5-40 


AEG-TELEFUNKEN  SPACE  TUBES  USED  IN  COMMUNICATIONS  SATELLITES 


Proiect 

Type 

Power 

Frequency 

Efficiency 

Coll. -Stages 

OTS 

TL 

12 

022 

20  W 

10.9 

- 

11.8  GHz 

40% 

2 

TELE  SAT 

TL 

12 

023 

20  W 

11.7 

- 

12.5  GHz 

40% 

2 

TELE  SAT 

TL 

4 

010 

10  W 

3.7 

- 

4.2  GHz 

42% 

3 

TDRSS 

TL 

12 

030 

30  W 

11.7 

_ 

12.2  GHz 

41% 

3 

13.4 

- 

14.05  GHz 

SBS 

TL 

12 

026 

20  W 

11.7 

- 

12.2  GHz 

42.5% 

3 

ANIK  C 

TL 

12 

016 

15  W 

11.7 

- 

12.2  GHz 

42.5% 

3 

COMSAT 

TL 

4 

012 

12/6  U 

3.7 

- 

4.2  GHz 

44/40% 

3 

DFVLR 

TL 

12 

008 

10  W 

10.9 

- 

11.7  GHz 

38/40% 

2/3 

DFVLR 

TL 

12 

024 

20  W 

10.9 

- 

11.7  GHz 

46/48% 

3 

DFVLR 

YH 

1 

190 

70  W 

11.7 

- 

12.5  GHz 

40/33% 

2/1 

DFVLR 

TL 

20 

030 

25  W 

19.7 

- 

20.7  GHz 

38% 

2 

DFVLR 

TL 

60 

010 

10  W 

60  GHz 

— 

— 

OF  POGH  QUALITY 


-231- 


TABLE  5-41 


TEST  REESULTS  OF  DIFFERENT  DBS-TWT'S  MADE  BY  AEG -TELE FUNKEN 


TVT 

Uni  t 

TL  12  200 

TL  12  450 

TL  12  800 

Frequency  Range 

• 

GHz 

— 

11.7  - 12.5  GHz 

— 

Output  Power 

W 

200 

450 

700 

Gain 

dB 

40 

50 

50 

O ' 

T 

T 

Phase  Shift 

0 

50 

45 

40 

\ * 

r ; 

AM-PM  Conversion 

°/dB 

4.5 

4.0 

4.5 

c . 

q ‘ j 

Collector  Stages 

— 

3 

5 

1 (5) 

•<  Ui 

Efficiency 

7. 

45 

50 

o 

o 

Weight 

kg 

2.6 

7 

9 

.f 


FIGURE  5-31 


- C**";ode  d«3igrv  lif*  of  «i©r«  th*n 
at^'cn  y*ar* 

- £r»:ific  waight  of  !•*»  thon  15  */V 

_ Efficioncy  of  % tor  broadband 
ht.ix  tuba* 

- Err:.ei«ncy  of  50  % for  couplod 
caviiy  tubaa. 


= 0 V satallita  TVT  TL  12<.^0 


Figure  5“32  ?jwer  T^ba  Arrli:iar  "ypa 
Oesigns  at  11-31  OH:  for  Sateliita 
Communication*  * 


* Due  to  Robert  Strauss,  COKSAT  Labs. 
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5.6.5. 1 Solid  State  Power  Amplifiers  for  Satcom  Use 


The  luiinchlns  of  Appllctlons  Technology  Setellite  (ATS-6)  inaugurated  the 
first  eatenalve  use  of  solid  state  pouer  amplifiers  for  space  application.  Due 
to  the  relative  simplicity  of  solid  state  power  amplifiers,  as  compared  to  WTA 
with  its  complex  high  voltage  power  supply,  a significant  improvement  in  reli- 

ability,  weight  and  size  was  demonstrated. 

There  are  now  a large  number  of  different  types  of  solid  state  amplifiers 
competing  against  the  TWT  for  the  power  amplifier  sockets  in  communication 
satellite  transponders.  These  include:  (see  Figure  5-34) 

o Gunn  diode  amplifiers 
0 Impatt  amplifiers 
0 Trapatt  amplifiers 
o Varactor  diode  up-converters 
o lipolar  amplifiers 
c FET  power  amplifiers 

Table  5-42  lists  the  power  levels  generally  representative  at  frequencies 
where  solid  state  amplifiers  of  all  types  have  flown  in  apace  or  have  been 
developed  for  space  applications,  i.e.,  at  20  and  30  GHz  on  Comstar  in  the  Com- 
sat Labs  mm-wave  propagation  experiment  and  as  output  amplifiers  at  0.5  t -tt  at 
36  GHZ  on  LES-8  and  IES-9.  Actually,  many  of  these  solid  state  amplifiers  are 
also  used  in  terrestrial  radio  systems  and  the  400  nw  with  the  varactor  diode 
up-converter  at  20  GHz  is  particularly  -gnificaat  since  it  represents  an 
efficient  un-conversion  from  a lower  frequency  where  RF  power  is  easier  to 


generate. 

The  impett  amplifier  Is  the  primary  type  of  power  amplifier  with  the  Guun 
diode  amplifier  providing  a lower  power  (and  lower  noise)  function,  with  cap- 
ability of  operating  as  a low  noise  driver  to  the  Inpatt  amplifier.  Actually, 
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POWER  RANGES  FOR 


Figure  5-34 


-236- 


M UTMOU  CUUMNT  WITH  «0OINa  TO  % flu 


CF  i-v  . 


aS 


!TY 


matwi  cathooc  TwuwpuTuni  WITH  atnnNa 
TOTM  amuTM  TiMmAmw.  Tk,  < 


Cowp«ri*on  of  Oxld*  «nd  Matrix  Cathoda 
Cbaraetariatica  as  a Function  of  Cathoda 
Taapaxatura 


(R.  Strauss) 


236A- 


original  PAGf  ® 

OF  POOR  QUALITY 


TABLE  5-42 


TYPICAL  OPERATIONAL  ANC  EXFERI>£NTAL  SOLID  STATE 
POUER  AMPLIFIERS  FOR  COHMmiCAXION  APPLICAIIWS 


Freausncv 

Bipolar  Transistor 
110  Watts  - ATS-6 

Impatt  AoBllfiars 

Power  FET  ABollflers 

1270  MHz 

1.2  KW  - Spaceboma 
Radar 

■ 

1550  MHz 

40  Watts  - ATS-6 

1685  MHz* 

20  Watts  • SMS 

2075  MHz 

20  '.Tacts  - ATS-6 

4 

24  Watts  - Voyager 

4-6  GHz 

7 Watts  - Terrestrial 
Radio 

1-10  Watts  Terrestrial  Radio 
15.8  Watts  • SRI 

20  Watts  - Fujitsu 

10  Watts  - Exparitoental  - Ford 

7-8  GHz 

3 Watts  - Hewlett  Packard 

4 Watts  • Hughes 

12.8  Watts  - Varlan 

280  Watts  - Experiaeatal  - 
Hughes  (pulsed) 

1 Watt  - Terrestrial  Radio  - 
Japan 

4.4  Watts  - Westlngbousa 
6 Watts  • Experimental  - Ford 

11  GHz 

3-5  Watts  - Terrestrial  Radio  100  HW  - CTS 

13  Watts  - Experlsental  - U.K.  2-4  Watts  - Cxperliaeacal 

18-20  GHz 

200  MT  - Terrestrial  Radio 
29  dBu  - Couatar 

2 Wetta  - Experimental 

30  GHz 

29  dBm  - Comstar 

35  GHz 

100  MW  - ETS  - II 

b W«tC9  * Exp«riasnCAl  * TRW 

55-60  GHz 

1-1.6  Watts  • Hughes/Fujitsu 
200  MT  - Hughes 

------ 

*In  1981,  Microwave  Power  Devices  of  Hauppauge,  New  York,  announced  the  development  of  a 2 kw  all 
solid  state  transmitter  at  1.7  GHz.  Previously,  this  company  has  delivered  1 kw  solid  state 
transmitters  for  various  applications  at  frequencies  from  2 MHz  to  1600  MHz. 
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the  Impatt  amplifier  has  many  species,  or  can  be  considered  to  be  one  of  many 
species  of  a form  of  semiconductor  diode.  These  species  include  Read  and 
Avalanche  diodes,  double  drift  (DD)  and  single  drift  (SD)  Impatt  diodes  (the 
double  drift  being  more  useful  at  higher  millimeter  waves)  and  Impatt  diodes 
operating  with  hl-lo  profiles  In  what  Is  known  as  a "surfing  mode".  Impatt 
diode  amplifier  power  levels  in  the  1-12  watt  level  are  now  achieved  In  X-band. 

J.  Raul  of  TPSJ  has  achieved  5 watts  In  K -band  and  1 watt  has  been  achieved  by 
Fujitsu  at  60  GHz.  A single  diode  hi-lo  profile  GaAs  Impatt  diode  amplifier, 
operating  in  the  surfing  mode  has  exhibited  power  cutouts  of  15  watt.  GaAs  Impatt 
diodes  are  now  developed  in  Japan  with  HTBF  of  more  than  10^  hours  at  7.5  GHz. 

The  use  of  the  hi-lo  profile  technique  for  increasing  Impatt  amplifier  power 
and  efficiency  was  reported  by  P.  W.  Huish  of  the  U.K.  British  Post  Office  at 
the  7th  European  Microwave  Conference  (1977),  the  development  of  high  efficiency 
Impatt  diodes  designed  to  replace  TWT  in  the  10.7-11.7  GHz  band  and  the  achieve- 
ment of  5 watts.  While  this  complements  significant  R&D  effort  at  Plessey, 

Mullard,  and  other  laboratories  in  the  U.K.  and  Europe,  it  does  not  give  Europe 
a role  In  the  competitive  race  taking  place  between  the  U. S.  and  Japan  for 
technological  superiority  in  this  area. 

For  power  amplification  at  frequencies  below  C-band,  bipolar  transistors  are 
used  extensively.  On  the  ATS-6  satellite,  multiple-stage,  parallel  power  combined 
solid  state  amplifiers  have  been  built  from  UHF  up  to  S-banu  frequencies.  These 
amplifiers  pioneered  the  way  for  qualification  of  a family  of  bipolar  transistors 
that  are  still  used  on  current  space  programs,  and  they  helped  establish  the 
concept  of  multiple  parallel  output  stage  design  for  space  applications.  The 
UHF  solid  state  transmitter  amplifier  (860  MHz)  on  ATS-6  used  8 parallel  combined 
ICC  2010  bipolar  transistors  at  the  output  stage.  This  transmitter  amplifier 
delivers  110  watts,  62  dB  gain  with  overall  efficiency  of  447..  An  interesting 
feature  of  the  860  MHz  amplifier  is  the  power  back-off  capability.  On  command, 
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two  or  four  :>r  six  of  the  output  stages  can  be  turned  off  to  reduce  the  RF 
output  power.  The  amplifier  is  operated  directly  from  a regulated  spacecraft 

bus  and  requires  no  power  conditioning. 

Other  L-bind  and  S-band  solid  state  power  amplifiers  were  flown  on  ATS-6. 

The  L-band  amplifier  (1550  MHz)  delivered  40  watts  of  RT  power  by  combining 
eight  MSC  3005  transistors  at  the  output  stage.  This  1550  MHz  amplifier  pro- 
vided 55  dB  gain  with  417.  DC-RF  power  conversion  efficiency.  For  a redundant 
pair,  the  amplifiers  weighed  10.6  lbs.  with  overall  dimensions  of  16"  by  15" 
by  3".  By  parallel  combining  four  MSC  3005  bipolar  transistors  at  2075  MHz, 
a 20-watt  S-band  amplifier  were  built  for  ATS-6.  This  20-watt  amplifier  gave 
55  dB  gain  with  257.  efficiency.  At  2570  MHz  and  2670  MHz,  two  17-watt  S-band 
transistor  amplifiers  were  built  with  the  same  devices;  both  amplifiers  show 
55  dB  gain  with  efficiency  of  23.57..  This  S-band  amplifier  weighed  4.6  lbs., 
with  dimensions  of  11"  by  7"  by  4". 

The  most  important  solid  state  amplifier  development  of  the  1970' s was  the 
power  FET  which  in  1976  provided  up  to  10  watts  of  saturated  power  at  4 GHz, 

6 watts  of  saturated  power  at  8 GHz,  0.5-1  watt  at  18  GHz,  and  225  raw  at  22  GHz. 
Figure  5-35  lists  the  1980  status,  worldwide,  of  power  FET' s in  the  4 to  12  GHz 
range,  showing  the  international  competition  which  is  presently  underway  to 
supply  FET's  to  terrestrial  radio  power  output  stages  to  replace  IWT.  Seven 
manufacturing  firms  are  now  developing  product  capability,  with  1 vratt  FET  now 
developed  for  the  7 GHz  Japanese  terrestrial  radio  system  and  the  Japanese 
submarine  cable  system  which  requires  lifetimes  up  to  20  years. 

For  high  efficiency  operation,  Dr.  P.  T.  Ho  built  and  tested  a 5-watt 
3 7_4.2  GHz  FET  amplifier  for  direct  WTA  replacement.  This  seven-stage,  MIC 
power  amplifier  provided  50  dB  gain  with  power  added  efficiency  of  357..  The 
completed  amplifier  consists  of  a two-stage  pre-driver  amplifier,  a three-stage 
drive  amplifier,  and  a two-stage  series- parallel  combined  power  amplifier.  The 
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amplifier  chain  is  packaged  In  two  separated  chassis  and  mounted  on  a conanon 
platform.  (Figure  5-35 B). 

The  RF  characteristics  of  the  FET  amplifier  are  superior  to  that  of  the  TWTA., 
although  efficiency  must  be  traded  for  linearity,  a choice  not  available  with 
the  TWTA.  Typically,  power  output  at  saturation  of  two  tone  intennodulation  test 
of  a FET  amplifier  is  4.5  dB  down  for  one  signal  saturation.  Compared  uo  5 dB 
down  for  the  TWTA, the  FET  amplifier  adds  0.5  dB  link  margin  for  the  comnwnica- 
tion  channel  with  multiple  carriers.  For  linear  power  amplification,  the  TWTA 
requires  6-8  dB  back-off  to  achieve  a carrier  to  third  order  intermodulation 
distortion  ratio  of  25  dB;  and  for  the  FCT  amplifier,  2-3  dB  power  back-off 
achieves  same  kind  linearity.  This  linear  characteristic  makes  FET  amplifier 
more  suitable  for  multiple  carrier  and  some  digital  communications  system.  As 
far  as  AM  to  PM  conversion,  the  typical  value  for  the  TWTA  is  6-7  degrees/dB, 
and  the  FET  amplifier  runs  about  3-4  degrees/dB.  In  addition  to  the  superior 
RF  performance,  FET  solid  state  amplifier  offers  additional  weight  and  size 
savings  in  the  spacecraft  design.  For  a 5-watt,  C-band  transmitter,  the  FET 
gjnplifier  weighs  about  1.4  pounds  with  volume  equal  to  50  cubic  inches.  For  a 
WTA,  the  weight  goes  up  to  3.0  pounds  with  volume  equal  to  150  cubic  inches. 

Figure  5-36  shows  circuit  and  specifications  of  a similar  FET  amplifier 
built  by  RCA  for  use  in  SATCOM-IV  at  C-band.  This  amplifier,  described  by  F. 
Drago  et.al.,  at  IAF-79  in  Munich  Germany  was  the  first  of  the  new  power  ampli- 
fiers using  FET's  to  be  positively  committed  to  spacecraft  use. 

Looking  into  the  1980's,  at  12  GHz,  the  FETA  cannot  be  positively  selected 
for  power  levels  above  20  watts  for  at  least  5 years,  and  the  TWT  must  be  con- 
sidered the  only  viable  contender  for  space  use  for  50-1000  watt  power  amplifier 
applications . 
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5.6.6  Spacecraft  Antenna  Technology 


There  are  six  main  types  of  satellite  antennas:  (see  Figures  5-37,  -38,  -39) 
o Single  reflector,  single  feed 
o Multiple  feed  offset-fed  reflectors 
o Multiple  feed  lenses 

o Contoured  reflector  single  feed  antennas 
o Phased  arrays 
o Multiple  reflectors 

Multiple  feed  offset  reflector  antennas  arp  now  in  use  in  space  in  Intelsat- 
IVA  and  will  be  used  in  Intelsat-V  and  SBS,  and  in  fact,  in  most  sophisticated 
comniercial  communication  satellites  in  the  1980' s,  which  are  designed  to  trans- 
mit flux  into  only  selected  non-circular  areas.  Multiple  feed  lens  antennas 
will  be  used  in  DSCS-III  at  7/8  GHz.  Contoured  reflector  antennas  have  been 
used  in  the  Japan  Communication  Satellite  for  Experimental  Purposes  (CS)  and 
phased  arrays  will  be  used  in  TDRS  and  are  planned  for  use  in  a scanning  spot 
beam  system  designed  by  Dr.  Reudink  of  Bell  Laboratories  for  BELLSTAR. 

The  use  of  ref  lector- type  moltifeed  antennas  to  produce  shaped  beams  is 
attractive  because  of  their  design  simplicity,  Inherent  bandwidth,  ease  of  con- 
struction, light  weight,  and  low  cost.  If  the  multibeam  feed  structures  are 
located  at  prime  focus  or  in  a normal  Cassegrain  configuration,  excessive 
blockage  and  consequent  high  sidelobe  levels  will  result.  This  can  be  avoided 
by  use  of  offset- fed  reflector  types,  such  as  shown  in  Figure  5-40,  which  con- 
sist of  a section  of  a larger  parabola,  whose  focal  point  is  located  outside  of 
the  main  antenna  beam  and  a multl-hom  feed  which  is  located  off  axis  such  that 
it  does  not  block  energy  reflected  from  the  reflector.  In  the  multiple  horn-fed 
reflector,  each  feed  ej.ement  separately  illuminates  the  reflector  to  generate 
a component  beam  in  the  far  field.  By  properly  exciting  feed  elements  simulta- 
neously and  summing  individual  component  beams  in  proper  phase,  a desired  shaped- 
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beam  may  be  achieved  to  serve  a specific  ground  coverage  area.  Depending  on  the 
feed  array  element,  this  system  can  be  operated  for  any  linear  or  circular 
polarization.  Circular  poii»rization  diversity  is  used  since  an  offset  parabolic 
reflector  does  not  generate  a cross-polarized  signal  when  the  feed  has  a perfect 
CP  pattern.  Thus,  for  CP  beams,  good  polarization  isolation  and  axial  ratio 
can  be  obtained  by  properly  designing  the  element  and  array  configuration. 

5 . 6 . 6 . 1 Antenna  Patterns  for  Fixed  Satellite  Service  and  TV  Broadcast 
Satellite  Service 

As  satellite  communications  developed  during  the  1970' s,  the  rules  and 
regulations  for  fixed  satellite  service  and  TV  broadcast  satellite  service  fol- 
lowed two  diverse  and  very  different  paths. 

TV  broadcasting  from  space  - long  a dream  until  implemented  by  ATS-6, 

CTS  and  recently,  Japan  BSE  - followed  a planned  path  which  culminated  in  WARC-77, 
where  countries  from  Region  1 (Europe,  Africa,  Siberia)  and  P.egiou  3 (Southeast 
Asia,  Japan,  Australia,  Indonesia,  etc.)  literally  structured  the  11.7-12.2 
and  11.7-12.5  GHz  bands  by  dividing  the  11.7-12.2  GHz  band  into  40  TV  channels 
as  shown  in  Table  5-43,  and  awarded  each  country  involved,  one  or  more  orbital 
slots,  appropriate  TV  channels,  and  rather  complete  details  relative  to  beam- 
width,  EIRP,  etc.  These  are  set  forth  in  the  document  "World  Broadcasting  - 
Satellite  Administrative  Radio  Conference",  Geneva,  1977,  published  by  the 
international  Telecommunications  Union,  Geneva.  Region  2 (North  and  South 
America)  was  provided  with  exclusive  positions  for  broadcast  satellite  service 
in  the  orbital  positions  between  75°W  to  100°W  and  140°  to  170°W. 

In  the  fixed  satellite  service,  there  has  been  anormous  resistance  to  pre- 
planning due  to  the  interference  involved  between  space  and  ground  systems,  the 
wide  variety  of  international,  regional  and  domestic  satellite  systems  involved 
using  largely  satellites  with  non- homogeneous  EIRP  levels,  and  the  problems  of 
orbital  utilization  and  crowding,  particularly  at  4/6  GH'^..  The  philosophy  of 
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1977  BROADCASTING  SA'IELLITE  PLAN  FOR  REGIONS  1 & 3 


System  Characterlacica 
Frequency  Band 

Channel  Spacing 

RF  Channel  Bandwidth 

Number  of  Channels 

Guard  Bands  - Lower  Band  Edge 

Guard  Bands  - Upper  Band  Edge 

Polarization 

Modulation 

C/N  Objective 

C/I  Objective  (Co-channel) 

C/I  Objective  (Adjacent  channel) 

PFD  (Individual  Reception) 

PFD  (Community  Reception) 

Signal  Processing 
Energy  Dispersal 

Satellite  Characteristics 

EIRP  per  Beam  (dBw) 

Transmit  Beamwidth 
Pointing  Accuracy 
Station-keeping 
Spacing  Between  Satellites 

Earth  Stations 

G/T  (individual  reception) 

G/T  (connnunity  reception) 

Antenna  Beamwidth  - individ  lal  reception 
Antenna  Diameter  - community  reception 


11.7- 12.5  GHz  in  Region  1 

11.7- 12.2  GHz  in  Region  3 (and  2) 

19.18  MHz 

27  MHz  for  both  525  and  625  line  systems 
40 

14  MHz 
11  MHz 

Circular  (RH  and  LH) 

FM 

14  dB  (99'^  worst  month) 

-31  dB 
-15  dB 

-103  dBw/m^,  wanted  at  edge  of  coverage 

-111  dBw/m2 

CCIR  pre -emphasis 

600  kHz,  pk-pk 

Ranges  61.1  to  68 

Varies  depending  on  country  and  channel 
j<).l°  N-S  and  E-W 
+0.1°  N-S  and  E-W 
6 degrees 

6 dB/k 
14  dB/k 
20 

1° 
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fixed  satellite  service  has  been  to  rely  on  technological  developments,  co- 
ordination and  negotiation  to  allow  for  increased  utilization  of  the  orbital 
arc  and  the  frequency  bands  in  use,  rather  than  a fixed  plan  to  solve  the  pro- 
blems of  interference  between  networks  and  users. 

The  following  paragraphs  will  discuss  the  various  determinations  of 
antenna  radiation  pattern  (sidelobe)  criteria  which  have  culminated  the  almost 
decade-long  antenna  development  during  the  1970* s in  the  broadcast  satellite 
service . 

5.6.6. 1,1  Satellite  Antenna  Pattern  Regulations  for  TV-Broadcast  Satellites 

The  original  pattern  envelope  for  a satellite  broadcast  antenna  recommended 
by  the  CCB  in  May  1976  had  a 25-dB  plateau  for  near-in  copolarized  sidelobes. 

In  1977,  WARC-77  adopted  a 30  dB  plateau,  shown  in  Figure  5-41.  However,  in 
order  to  meet  the  goal  of  providing  each  administration  with  5 channels  and 
appropriate  orbital  and  polarization  assignments,  it  was  necessary  to  obtain 
better  adjacent  region  isolation  and  better  sidelobe  performance  from  the  space- 
craft antenna.  A center- fed  antenna  will  produce  sidelobes  22-23  dB  down  with 
a D/A”=  lb  and  25  dB  down  with  D/X  “ 50  at  12  GHz,  but  30  dB  sidelobes  with 
16  D/X^80  will  require  an  offset  feed.  For  a front- fed  antenna,  even  though 

an  optimum  aperture  distribution  is  used,  the  blockage  by  the  feed  and  support 
structures  present  RF  shadowing  to  the  reflector  and  act  as  scatterers.  The 
diffraction  pattern  of  the  feed  support  structure  is  very  broad  and  low  and  is 
out  of  phase  with  the  primary  illumination.  With  a small  aperture  antenna,  the 
feed  occupies  a significant  fract.  n of  the  aperture,  and  the  resulting  loss  of 
gain  and  increased  sidelobe  levels  make  a -30  dB  sidelobe  envelops  difficult  to 
achieve.  An  offset-fed  configuration  can  circumvent  blockage  problems  and 
achieve  the  -30  dB  level. 
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The  cross“polerized  response  specification  is  also  severe,  but  can  be 
achieved  if  feed  design  is  kept  simple.  This  means  using  single-purpose  feeds 
which  are  designed  for  transmit  or  receive  only.  Since  the  cross-polarized 
response  depends  heavily  on  the  feed  characteristics,  if  the  feed  is  used  ex- 
clusively for  transmitting  and  does  not  have  to  be  part  of  a multi- function 
feed,  i.e.,  transmit/receive,  then  cross-polarized  response  in  the  range  of 
-35  to  -40  dB  can  be  expected  across  the  main  beam. 

The  spacecraft  antenna  reference  pattern  of  the  Figure  is  for  an  essentially 
circular  antenna  beam  and  is  predicated  on  the  antenna  illuminating  a country 
with  circular  boundaries.  In  this  ideal  case,  the  3 dB  down  points  of  the 
antenna  beam  exactly  centered  on  the  country  in  question  will  intersect  the 
boundaries  of  that  country. 

The  angle  parameter  9^  in  Figure  5-41  is  for  the  angle  across  an  entire 

pattern  cross-section  at  the  3 dB  power  reduction  points  in  the  antenna  beam, 

while  the  angle  0 is  measured  from  the  center  of  the  beam  out  toward  beam  edge. 

Thus,  the  3 dB  power  reduction  points  in  Figure  5-41  occur  for  0/9^  equal  to 

0.5  and  the  drop-off  in  radiated  power  from  3 dB  to  30  dB  will  occur  in  the  region 

between  0/0  » 0.5  and  0/9  - 1.  Actually,  the  3 dB  beamwidth  for  0 is  not 
0 0 ^ 

necessarily  optimum  :.or  antenna  efficiency  and  gain,  even  for  a country  having 
a perfectly  circular  boundary.  In  1969,  J.  W.  Duncati  pointed  out  that  in  the 
case  of  circular  or  pencil  beams,  maximum  gain  and  therefore,  optimum  antenna 
efficiency,  is  realized  when  the  angle  0^  corresponds  to  the  -4.3  dB  levei  of 
the  normalized  power  pattern. 

The  problem  with  the  pencil  or  circular  beam  antenna  which  provides  the 
implementation  of  Figure  5-41  is  that  few,  if  any,  countries  on  the  face  of  the 
earth  have  cii^ular  boundaries  and  any  attempt  to  illuminate  circular  patterns  on 
each  of  a group  of  contiguous  countries  or  regions  will  produce  an  overlapping 
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patterns  resulting  In  significant  rndiat.d  per  densities  into  each  adjacent 
ecnntry  which  could  result  in  considerable  interference  both  within  and  beyond 

each  nation's  boundaries. 

WARC-79  ™ust  face  the  political  situation  that  in  sons  cases,  the  broad- 
casters using  TV  broadcast  satellites  would  welcome  the  increased  coverage 
provided  by  the  use  of  simple  antennas.  However,  when  considerations  of  inter- 
terence  above  are  used,  WARC-77  clearly  stated  that  limiting  interfering  p^er 
flux  density  at  the  edge  of  a service  area  is  -103  dgw/m^  for  service  areas  in 
Regions  1 and  3,  and  -105  dH.,/m^  for  service  areas  in  Region  2.  In  addition, 

the  protection  ratio  for  a broadcasting  satellite  signal  against  an  interfering 

1 - u 'T\j\  is  dB  for  carrier  differences 

terrestrial  service  (except  AM  multichannel  TV)  is  35  dB 

up  to  10  MHz. 

in  order  to  achieve  this  discrimination  against  interference,  the  multiple 
beam  satellite  antenna  becomes  an  invaluable  tool  for  shaping  the  transmitted 
down-linh  beam  into  its  unigue  service  area.  In  the  technical  reco^endations 
to  ’WARC-79  from  HARC-SFM,  this  point  was  clearly  sade  by  illustrating  how  a 

multiple-horn  offset-fed  antenna  could  be  used  to  greatly  Improja  o"  'he 

u tvs recommended  by  WARC-77.  Thisillustra- 

circu^ar/ellyptical  antenna  beam  pattern  reconmencea  y 

tion  involved  a 21-hom  offset  reflector  (8  ft,,  designed  for  11  BHz  to  serve 
a very  irregular  boundary  shape  which  is  long  In  one  direction  and  relatively 

narrow  in  other  direction  and  represents  a very  small  country  in  the  world. 

s-  ■ A-  Pimtrp<5  S-43  and  5-44  show  the 
Figure  5-42  shows  the  basic  contours  obtained,  F gu 

improvement  in  pattern. 

■ c ■ . satellites  .-s  TV-Rroadcast  Satellites  - Orbit  and 
5.6.6. 1.2  Fixea  Service  Satellites  anu  

Spectrum  Considerations_ 

Xbe  growth  of  two  different  services,  fixed  satellite  service  and  TV 

durins  the  1980' s will  require  careful  consideration 
broadcast  satellite  service,  during  the 
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by  WARC-79  of  how  the  radio  spectrum  is  to  be  shared  by  both  services.  This 
is  due  to  the  fact  that  the  TV-broadcast  satellite  is  designed  to  have  much 
higher  EIRP  than  its  fixed  service  satellite  counterpart  in  ordef  to  serve 
primarily  small  receive-only  terminals.  The  coexistence  of  satellites  using 
identical  frequency  bands,  particularly  in  the  down-link,  can  give  rise  to 
severe  interference  which  can  virtually  paralyze  the  fixed  services. 

The  CCIR  XIVth  Plenary  Assembly  in  Kyoto,  1978,  in  its  Document  10-11/112E 
made  a perceptive  analysis  of  this  problem  when  it  discussed  the  effect  on  orbit 
utilization  when  dissimilar  (inhomogeneous)  satellites  for  both  TV-broadcast 
and  for  television  distribution  in  the  fixed  service  are  colocated  in  the  orbit 
and  which  use  the  same  frequency  band  for  down-link.  The  broadcasting  satellites 
would  normally  have  higher  power  EIRP  than  the  fixed  service  satellites,  and  the 
protection  of  the  latter  would  become  a critical  and  difficult  problem.  Figure 
5-45  has  been  developed  to  relate  antenna  discrimination  angle  to  copolarized 
protection  ratio  for  various  fixed  satellite  earth  station  antenna  sizes  for  the 
case  when  the  broadcasting  satellite  EIRP  is  64  dBw  for  individual  reception  and 
53  dBw  for  community  reception;  and  the  fixed  service  satellite  EIRP  is  45  dBw 
which  is  a fairly  high  value.  Assuming  fixed  satellite  receiving  earth  station 
sidelobe  patterns  conforming  to  the  32-25  log^^O  equation,  it  is  evident  from 
Figure  5-45  that  the  greater,  the  discrepancy  between  satellite  EIRP's  the  less 
efficient  is  the  orbit  utilization.  For  example,  with  a 30  dB  protectioi-  ratio 
for  the  fixed  service  having  an  antenna  diameter  of  4.5  meters,  the  required 
angle  of  discrimination  (orbit  spacing)  when  sharing  with  a broadcasting  satellite 
for  community  recepti.on,  is  5.4°.  However,  when  shared  with  a higher  power 
satellite  designed  for  individual  reception,  the  required  angle  is  14.3  . 

ihus,  one  solution  is  to  assign  different  frequency  bands  to  the  bi'oadcast 
.ill  < fixed  service  c-icellites,  which  was  already  done  in  Regions  1 end  3 in 
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Ku-Band,  but  not  in  Region  2.  In  this  region,  the  11.7  to  12.2  GHz  band  ii 
now  assigned  to  both.  The  U.S.  position  at  WARC*79  was  to  assign  this  band  to 
exclusively  doniestic  fixed  satellite  down-link  and  to  allocate  the  12.2-12.7 
band  to  TV-broadcast  in  Region  2. 

5 . 6 . 6 . 1 . 3 Antenna  Sidelobe  Performance  versus  Satellite  Spacing 

W.  Morgan  has  developed  the  curve  in  Figure  5-46,  showing  how  the  two  above 
formulae  can  be  related  to  antenna  diameter,  satellite  spacing  in  degrees  and 
sidelobe  performance  expressed  in  terms  of  decibels  below  the  desired  signal 
rather  than  the  conventional  dB.  This  curve  calls  attention  to  the  increased 
interference  seen  by  smaller  antennas  (4.5  meters)  to  satellites  spaced  only  4*^ 
apart  and  points  up  the  basic  reason  why  antennas  smaller  than  9 meters  were 
not  allowed  by  the  FCC  until  Dec.  15,  1976,  when  a new  ruling  permitted  4.5- 
meter  video  receive-only  antennas  in  the  4 GHz  band  which  meet  the  CCIR  regu- 
lations . 

This  spacing  of  4°  presents  no  problem  for  larger  earth  terminals  with  dia- 
meters greater  than  9 meters  (having  a half-power  beamwidth  of  0.6  degrees) 
but  the  advent  of  the  wide  spread  use  of  the  4.5  meter  with  its  1.2°  half-power 
beaim.ridth  can  introduce  interference  problems  arising  from  an  earth  terminal 
pointed  toward  one  satellite  which  also  receives  significant  power  flux  from  an 
adjacent  satellite.  Figure  5-47,  due  to  Dr.  J.  McElroy  of  NASA,  shows  this 
interference  while  making  the  following  assumptions:  (a)  coverage  is  to  be 

provided  for  ail  50  states,  this  limits  the  usable  segment  of  the  arc  to  the 
40  degrees  from  100  to  140  degrees  W.  Longitude;  (b)  a C/l  of  -27  dB  is  assumed; 
(c)  the  CCIR  sidelobe  envelopes  are  the  basis  for  the  C/I  calculation;  (d)  each 
satellite  is  identical  (for  a given  frequency  band)  and  the  4/6  GHz  and  12/14 
GHz  band  satellites  carry  24  transponders,  while  the  18/30  GHz  band  satellites 
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/ . Figure  5-47 

THE  ADVERSE  EFFECT  OF  SMALL 
EARTH  STATION  ANTENNA  DIAMETERS 
ON  UTILIZATION  OF  THE  GEOSTATIONARY  ARC 
BY  THE  UNITED  STATES 
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carry  60  transponders;  and  (e)  the  interfering  satellite  has  the  sane  service 
area.  The  ordinate  is  the  number  of  equivalent  40  MHz  bandwidth  transponders, 
and  the  abscissa  is  the  diaueter  of  the  earth  station  antenna.  The  crite-.ion 
used  is  one  which  limits  the  Interference  received  by  the  earth  station  antenna 
from  adjacent  satellites  and  therefore  the  satellite  spacing. 

Three  solid  curves  show  the  maxinum  number  of  transponders  for  the  4,  12 
and  18  GHz  down- links.  Three  horizontal  lines  show  the  1980,  1985  and  1990 
t.  fic  models  from  a previous  chart.  Two  other  dashed  horizontal  lines  show 
the  current  spacing  required  for  sateiUtes  in  the  4/6  and  12/14  GHz  bands, 

4 and  3 degrees,  respectively.  Thus,  if  this  requirement  is  obeyed,  then  the 
upper  segn«nt  of  the  two  cun-es  for  these  bands  is  inaccessible.  A composite 
curve  is  shown  for  the  total  of  the  4/6  and  12/14  GHz  transponders  which  obeys 
this  constraint.  It  can  be  seen  that  the  total  is  somewhat  above  the  1985 

traffic  model. 

Yet  aiiother  factor  in  the  evolution  of  the  earth  terminal  technology  is 
the  move  to  higher  frequencies  to  avoid  the  orbit  crowding  and  interference  now 
being  faced  at  4/6  GHz,  to  take  advantage  of  the  use  of  smaller  antenna  systems 
(i.e.,  S3S  system  f.r  data  at  11/14  GHz  which  is  designed  to  use  5.5  meter 
antennas  for  roof-top  mounting  and  7.7  meter  antenna.s  for  ground  mounting),  or 
the  use  of  1-meter  antennas  at  12  GHz  for  TV  satellite  broadcasting,  or  to  use 
the  large  bandwidth  of  up  to  2.5  GHz  at  20/30  GHz  for  high  data  rate  heavy 
trunking  or  direct- to-user  applications.  The  move  to  higher  frequencies  can 
also  permit  closer  satellite  spacing  than  used  at  4/6  GHz.  Figure  5-48  due  to 
J.  McElroy,  et  al,  shows  the  minimal  orbital  arc  separation  required  to  maintain 
£ specified  level  cf  interference  suppression  for  various  earth  terminal  dia- 
meters and  frequencies. 
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EFF':Cr  OF  INCREASED  FREQUENCY  ON  EARTH  STATION  SIDELOBE 
INTERFERENCE  LEVELS  AND  PERMISSIBLE  SATELLITE  SPACING 


5 . 6 . 6 . 1 . 4 Oiffset-Fed  Reflector  Shaped-Beam  Satellite  Aacennas 


The  first  major  use  of  multiple  horn  offset-fed  reflectors  was  made  by 

F.  Taormina,  et  al,  for  INTELSAT- TVA . On  this  spacecraft,  53-inch  transmit 

■ 

and  35-inch  recei’'**  '.ic  ’square  reflectors  are  constructed  of  metallic  mesh 
on  an  open  web  frame  to  minimize  solar  torque  effects.  The  feed  horn  arrays  are 
cantilevered  from  the  mast  and  are  offset  from  the  reflectors.  Tht  receive 
antenna  provides  coverage  over  each  hemispheric  area  with  a single  beam,  while 
the  transmit  antenna  system  provides  coverage  with  a northern  and  southern  beam 
for  each  hemisphere..  In  addition,  the  odd-channel  tiansmit  antenna  provides  a 
combined  hemispheric  beam  (on  command)  if  required,  while  the  even-channel  antenna 
provides  coverage  of  the  northern  sectors  only.  The  feed  system  for  the  odd- 
channel  antenna  consists  of  37  horns  having  integrated  polarizers  and  energized 
with  a transverse  electromagnetic  mode  (TEM)  sqtiarax  transmission  line  power 
division  network.  The  physical  arrangement  of  the  feed  horns  in  the  aperture 
plane  is  shown  in  "'i^ure  5-49.  There  are  19  feed  horns  for  east  coverage  and 
18  hours  for  west  coverage.  Two  of  the  west  horns  are  on  or  off  switchable  to 
accommodate  differences  between  Pacific  and  Atlantic  coverage  requirements.  The 
north  and  south  feed  clusters  have  separate  input  terminals  for  spot  and  hemis- 
pheric operation.  The  antenna  servicing  the  even  channels  is  illuminated  by 
those  noms  providing  spot  beam  coverage  to  the  north-east  (nine  horns)  and 
north-west  (ten  horns)  regions  only. 

The  INTELSAT-V  requirements  are  similar  to  tnese  of  IITTELSAT-IVA  except  that 
polarization  diversity  was  also  required  to  provide  .simultaneous  coverage  of  two 
overlapping  regions  in  each  hemisphere.  A t lotprint  configuration  conmon  to  the 
Atlantic,  Pacific  and  Indian  Ocean  theaters  was  desired,  with  a mipisrutn  amount 
of  switching  in  the  feed  ner  to  acconraodate  differences  between  areas. 

Offset  reflectors,  as  d signed  by  Dr.  C.  C.  Han,  are  being  utilized  for  both  the 
4/6  GHz  and  11/14  GHz  bands,  with  separate  structures  for  rc.eive  and  transmit 
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(see  Figure  5-50).  Tight  control  of  individual  shaped  beams  is  necessary  to 
maintain  low  sidelobes  (for  isolation  to  the  overlapping  cross-polarized  beam) • 
This  beam  shaping  is  accomplished  by  illuminating  the  offset  reflector  from  a 
multitude  of  individual  feed  horns  (up  to  85  for  the  two  hemispheric  beams), 
each  with  controlled  amplitude  and  phase  as  determined  by  optimization  to  achieve 
the  patterns  shown  in  Figure  5-51. 

The  effort  in  developing  offset  fed  multiple  beam  antennas  at  4 GHz  has 
led  to  substantial  investigation  of  the  use  of  this  new  antenna  technology  at 
higher  frequencies.  A.  Rudge  and  N.  Williams  of  ERA,  U.K. , using  a specifica- 
tion provided  by  the  European  Space  Agency  have  developed  a nultibeam  antenna 
for  30  GHz  using  a multiple  feed  with  a 0.8  ii«ter  reflector  to  produce  three 
beams.  In  the  United  States,  investigations  at  Bell  Telephone  Laboratories, 
multiple-beam  offset  antennas  have  been  built  for  operation  up  to  100  GHz  using 
a 60.96  cm  diameter  reflector. 

In  order  to  illustrate  the  advances  achieved  in  offset  multiple  beam  reflec- 
tor antennas  for  beam  shaping  areas  having  complex  contours,  a 21-hom  offset 
reflector  (8  ft.)  was  designed  for  11  GHz  to  serve  a very  irregular  boundary 
shape  which  is  long  in  one  direction  and  relatively  narrow  in  other  directions 
and  represents  a very  small  country  in  the  Indian  Ocean  region.  Figure  5-42 
shows  the  basic  contours  obtained  including  the  contour  level  where  drop-off 
to  10  dB  belcrw  peak  gain  occurs.  Figures  5-43  and  5-44  show  both  the  actual 
copolar  and  crosspolar  pattern  amplitude  drop-off  provided  by  the  21-hom  -‘^f- 
set  reflector  system  as  compared  with  the  recommended  reference  pattern  of 
Figure  5-41  (see  dotted  line)  for  the  long  and  narrow  directions.  Note  that 
the  shaped  beam  copolar  patterns  greatly  improve  on  the  WARC-77  reference  pattern 
with  improved  crosspolar  performance. 
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Figure  5-50.  4 GHz  Offset-Fed  Reflector  System  for  INTELSAT  V 
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Still  another  advance  in  multiple  beam  antenna  is  the  Torus  antenna 
(Figure  5-52)  developed  at  Comsat  Labs  which  allows  the  use  of  individxial  feed 
systems  to  access  different  portions  of  the  earth  from  different  sections  of  the 
Torus . 

The  reflector  technology  has  been  given  significant  attention  during  th 
19/C's-  According  to  NASA's  Dr.  McElroy  "high  gain  spacecraft  antennas  have 
relied  almost  exclusively  on  reflector  technology  in  the  past.  Reflectors  have 
enioyed  the  longest  and  most  intensive  development  and  have  the  most  mature 
analytical  foundation.  Several  data  points  illustrating  the  current  status  of 
reflector  technology  are  shown  in  the  chart  on  the  facing  page.  ATS-6,  which 
has  a 9.1  meter  diameter  reflector  composed  of  48  aluminum  ribs  with  a gold- 
plated  dacron-woven  mesh  ? 'tface,  remains  the  largest  aperture  antenna  flown  in 
space  to  date.  The  reflector  weighs  82  kg  and  suffers  approximately  2 dB  gain 
loss  at  C-band  under  worst  case  thermal  distortion  conditions.  General  Dynamics, 
as  part  of  a U.S.  Air  Force  technology  development  program,  has  produced  a fully 
qualified  graphite  fiber  reinforced  plastic  (GFRP)  reflector,  2.4  meters  in 
diameter.  The  reflector  has  a surface  accuracy  of  7 x 10  ^ meters  due  to  manu- 
facturing tolerances,  degrades  to  13  x 10  ^ meters  under  worst  case  thermal 
distortion  and  has  approximately  1 dB  gain  loss  at  the  operating  frequency  of 
94  GHz  unu.r  worst  case  conditions.  At  750  wavelengths  aperture  this  represents 
the  largest  aperture /surface  quality  reflector  qualified  for  space  flight  use 
today.  Tvo  additional  representative  data  points  for  flight  qualified  antennas 
are  shown  together  with  one  non-flight  unit  by  Harris  which  was  carried  to  an 
advanced  stage  of  development.  The  ultimate  reflector  surface  accuracy  attain- 
able with  current  technology,  expressed  as  a function  of  reflector  diameter, 
can  be  approximated  by  the  4 x 10  ^ curve  shown  in  Figure  5-53. 
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5.6.6. 1.5  Shaped^Reflector  Shaped- Beam  Antartu* 

A very  important  new  technology  for  producing  shaped  beams  from  a spacecraft 
Is  one  which  involves  shaping  or  contouring  an  antenna  reflector  surface  which 
is  illuminated  by  a single  (or  multiple)  offset  feed  horn  and  using  the  antenna 
reflector  contouring  to  change  the  phases  of  the  various  rays  produced  by  the 
antenna  to  produce  a focused  beam  into  the  particular  earth  pattern  or  footprint. 

An  important  realization  of  this  type  of  antenna  (Figure  5-54)  is  used  in  the 
Japan  Connmmication  Satellite  (CS).  This  satellite  produces  antenna  beams  at 
4,  6,  20  and  30  GHz  with  the  20  and  30  GHz  beams  contoured  to  fit  the  Japanese 
islands  as  indicated  in  Figure  5-55.  The  four- frequency  antenna  system  consisted 
of  a cylindrical  cone  horn  reflector  with  a reflector  plate  specifically  con- 
toured to  provide  a pattern  at  20/30  GHz  which  confined  the  principal  antenna 
gain  of  33  dB  to  a beam  shaped  configuration  with  a beanwidth  of  around  2 by  3 
around  the  islands  of  Japan.  The  initial  electrical  design  concept  for  this 
antenna  was  developed  by  M.  Kudo,  et  al. 

5. 6.6. 1.6  World-Wide  Antenna  Experience 

At  the  close  of  the  1970' s,  satellite  antenna  experience  has  matured  in  many 
parts  of  the  world.  Tables  5-44  and  5-45  list  the  various  participants  in  the 
development  of  satellite  antennas  and  include  the  satellites  which  have  furnished 
this  experience. 

5 . 6 . 6 . 1 . 7 Driving  the  Off-Set  Reflector  Multiple  Beam  Antenna  - The  .Beam 
Forming  Network  (BFN) 

The  multiple  beam  antenna  using  an  off-set  reflector  is  the  principal 
candidate  for  producing  complex-contour  fc^rpr  .nts  for  beyond  the  capability  of  a 
contoured  reflector  system  such  as  is  ufted  on  the  CS.  It  is  not  posrible  to 
consider  the  multiple  beam  with  many  offset  feeds  without  also  considering  both  ^ 

the  roecUnism  by  which  the  feeds  produce  the  contoured  footprint,  and  the  beam 
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TABU  5-44  • » 

WORLDWIDE  SATELLITE  ANTENtJA  EXPERIENCE 


Free  -eticv 

Comoanv 

Location 

AoDlicatlon 

Hughes  Ac, 

USA 

Inca I sacs  II,  IV,  IVA, 

Anik,  Palapa,  Wes car,  Comstar 

TRW 

USA 

Intel sac  III 

Ford  Aeroepecc 

USA 

Incelsac  V 

4 , z SHz 

RCA 

USA 

Saccom 

Aeroipeclele 

France 

Symphonle 

Selcaie 

Italy 

Intelsat  IV 

Mitsubishi/NTT-ECL 

Jap«u 

JCS 

GE 

USA 

J-LV£ 

Hughes  Ac. 

USA 

SBS 

Ford  Aerospace 

USA 

Incelsac  V 

11/ GHz 

TRW 

USA 

TDPSS 

RCA 

USA 

Anlk  F4 

Sel4>:  .a 

Italy 

OTS,  Sirio 

Toahiba 

Japan 

J-BSE 

Martin  Mailecca 

USA 

ATS -5 

Ford  Aerospace 

USA 

JCS,  ETS-II,  ECS 

Corasat  Labs 

USA 

Comstar 

20/ 3C  GHz 

CNES 

France 

H-SAT 

ERA 

U.K. 

H-SAT 

CSLT 

Italy 

H-SAT 

Ticra  Aps 

Denoark 

H-SAT 
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TABTJ:  5-45 


SPACECRAFT  ANTENNA  MANUFACTURERS  (WORLD-WIDE) 


Tn»s 

Coinnanv 

Location 

Satellite  Used  (Partial) 

Ford  Aer'?s{>ac.i 

USA 

NASA  Satellite,  INTELSAT  V.  JCS 

Hughes 

USA 

INTELSAT  IV,  IVA,  /<ilk,  Westar,  Comstar 

Bell  Telephone  Labs 

USA 

Experimental  K-Band  Antennas 

RCA 

USA 

Satcom  Nimbus,  Tiros 

C.E. 

USA 

BSE , Lands at 

TRW 

USA 

INTELSAT  III,  TDRSS 

Fairchild 

USA 

ATS -6 

Lockheed 

USA 

ATS -6 

Ball  Bros. 

USA 

Classified 

Uttset  Ke flee  Lor 

RCA  Ltd. /SPAR 

Canada 

CTS 

Selenla 

Italy 

INTEI.SAT  V,  OTS 

S letderta 

Germany 

Azur 

t 

ro 

HBU 

Germany 

Sym(>honte 

Hawker  Slddeley 

UK 

INTELSAT  V 

t 

Marconi 

UK 

Marots 

Thosison-CSF 

France 

Terrestrial  Radio 

Mitsubishi 

Japan 

JCS  Pn>totype 

Toshiba 

Japan 

BSE  Prototype 

NEC 

Japan 

Experimental  plus  Major  Ground  Antenna  Manufacturer 

Lincoln  Labs 

USA 

Proti}type  7/8  GHz  Antenna 

Lens  Antennas 

G.E. 

USA 

DSCS  111 

Hughes 

USA 

Contract  DCA,  7/8  GHz 

Ford  Aerospace 

USA 

Contract  to  Comsat  Labs,  6/4  GHz 

iicllcal 

Hughes 

USA 

Marisat 

Horn 

Ford  Aerospace 

USA 

NATO-111 

r 1 ee tronicai ly  Despun 

Ford  Aerospace 

USA 

SMS  GOES  B,C 

C.obs  Pole  Anrenna 
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forming  network  (BFN)  which  is  used  to  excite  or  interconnect  the  feeds. 

Multiple  beam  off-set  ted  reflector  antennas  have  a xmique  ability  to  meet 
the  ever  increasing  demands  on  satellite  antenna  systems,  by  being  able  to 
accomplish  such  functions  as:  1)  improving  EIRP  over  prescribed  areas  through 

pattern  shaping;  2)  allowing  frequency  reuse  by  both  spatial  and  polarization 
diversity;  and  3)  reducing  interference  outside  desired  coverage  areas,  to  meet 
wsw  WARC  requirements  on  both  copolar  and  cross-polarized  energy.  Solutions  to 
these  problems  generally  result  in  larger,  more  complex  antenna  structures  and 
systems,  which  become  an  overriding  factor  in  the  design  of  the  entire  satellite. 

The  multiple  beam  antenoa  (MBA)  systems  are  capable  of  creating  multiple 
simultaneous  beams,  each  of  which  may  be  shaped  from  a nxunber  of  smaller  consti- 
tuent beams  by  the  principle  of  superposition.  This  principle  is  illustrated 
in  Figure  5-56,  showing  a set  of  three  adjacent  constituent  beams  added  together 
in  space  to  produce  a single  broader  beam  with  a relatively  flat  top  and  steep 
"skirts".  This  allows  more  uniform  coverage  of  the  desired  area,  and  more  rapid 
decay  of  energy  outside  this  area,  to  reduce  interference  while  alro  improving 
efficiency.  The  antenna  designer  would  prefer  to  use  the  narrowest  possib’e 
constituent  beams  spaced  as  closely  as  possible  together;  this  xuads  to  very 
large  antenna  structures  and  numbers  of  constituent  beams,  each  of  which  must  be 
individually  formed  and  fed.  A natural  limitation  occurs  in  the  allowable  spacing 
of  feed  horns,  based  on  their  minimum  size;  this  generally  occurs  at  a spacing 
of  about  0.6  beanwidths. 

Table  5-46  denotes  the  approximate  number  of  beams  which  would  be  required 
for  earth  coverage  from  synchronous  altitude  (18°)  various  beam  spacings, 
a&siming  a 1°  constituent  beamwidth  (requiring  a 17-ft  diameter  aperture  at  4 GHz). 
The  crossover  level  in  each  case  is  also  shown;  this  determines  the  amoxjnt  of 
ripple  in  the  composite  pattern  between  beams.  The  large  numbers  of  beams  result 
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in  complex  large  and  heavy  beam  forming  networks  (BFN's). 

An  example  of  the  use  of  this  MBA  technique  Is  the  Intelsat-V  communications 
antenna  which  consists  of  separate  offset-fed  reflectors  for  transmit  (4  GHz) 
and  receive  (6  GHz)  (Figure  5-57),  as  pictured  in  Figure  5-58.  The  transmit 
reflector  is  8 ft  in  diameter,  and  ia  fed  by  an  array  of  78  contiguous  feed 
horns,  each  excited  with  both  senses  of  circular  polarization  to  produce  four 
separate  beams,  as  shown  in  Figure  5-57.  Two  of  these  beams  cover  hemispheric 
regions  of  existing  ground  stations,  while  the  other  two  are  cross-polarized 
zone  beams  for  high- traffic  areas.  The  combination  provides  four  times  frequen- 
cy reuse,  with  a minimum  of  27  dB  isolation  between  beams.  In  addicion,  two 
movable  spot  beams  are  included,  operating  at  11  and  14  GHz. 

A calculated  contour  plot  of  the  west-zone  receive  beam  is  shown  in  Figure 

3-57,  depicting  relative  locations  of  the  18  constituent  beams  used.  Each  has 

o 

a beaaiwidth  of  about  2 , and  all  are  excited  with  nearly  equal  amplitudes,  except 
the  edge  beams,  \^ose  relative  amplitudes  are  shown.  Contours  up  to  30  dB  below 
the  beam  peak  are  shown,  representing  loci  where  27  dB  isolation  from  the  -3  dB 
edge-of- coverage  contour  is  provided.  ThiT  -30  dB  contour  is  thus  the  nearest 
edge  of  another  co-polarized  beam  operable  in  the  same  band,  and  with  the  desired 
minimuji  isolation  for  frequency  reuse.  The  spacing  between  edges  of  such  beams 
is  generallv  at  leSv't  one  full  constituent  beaowidth,  thus  placing  an  upper 
limit  on  the  number  of  multiple  beams  achievable  within  a given  area  for  a given 
size  antenna. 

Excitation  of  the  78  individual  Intelsat-V  feed  horns  with  the  proper 
amplitudes  and  phases  is  accomplished  with  an  air-suspended  stripline  BFN  shown 
in  Figure  5-59.  This  network  consists  of  a cascade  of  hybrid-ring  power  dividers, 
with  interconnecting  line  lengths  adjusted  for  phase  control. 
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Future  broadcast  satellites  will  undoubtedly  require  even  more  complex 
antennas.  Including  such  features  as  reconfigurability  •*  the  ability  to  adjust 
beam  shapes  on  command,  to  meet  changing  user  requirements  or  to  avoid  Inter- 
ference . 

To  explore  some  of  the  detailed  requirements  of  future  systems,  consider 
a six-beam  re configurable  case*  For  1°  constituent  beams,  an  antenna  system 
with  perhaps  256  beams  Is  usable,  by  eliminating  coverage  In  unused  areas  such 

as  over  oceans.  Reconfigurability  could  be  Implemented  by  a BFN  composed  of  a 
matrix  of  cascaded  variable  power  dividers  (VFD's).  Full  flexibility  for  each 
of  the  six  beams  would  require  six  BFN's  with  235  VFD's  In  each,  cascaded  In  eight 
levels,  plus  256  six-way  switches  (one  at  each  feed  element  to  select  the  beam 
to  which  it  Is  assigned),  plus  256  phasers  to  control  excitation  phases,  as 
pictured  In  Figure  5-60.  This  would  entail  a total  of  1530  VFD's  and  1536 
switches  and  phasers;  If  each  weighed  only  an  ounce  the  total  BFN  would  be  over 
200  lbs,  Including  Interconnections.  In  addition.  Its  losses  would  represent 
a considerable  waste  of  power,  as  projected  In  Table  5-47.  Naturally,  these 
losses  as  well  as  the  size  and  weight  of  the  BFN  can  be  reduced  by  simplifying 
the  design,  at  the  expense  of  some  system  flexibility.  However,  It  appears 
attractive  to  look  at  an  alternate  form  for  the  BFN  - an  active  BFN,  similar  In 
principle  to  a phased  array  with  separate  amplifiers  at  each  antenna  element. 

The  receiving  portion  of  the  MBA  should  preferably  be  a separate  structure 
to  avoid  dlplexlng  at  each  feed  element,  and  to  reduce  filtering  requirements 
by  providing  at  least  50  dB  of  spatial  isolation.  The  form  of  the  receive  por- 
tion of  an  active  MBA  Is  pictured  In  Flgtire  5-61;  It  Is  similar  to  the  transmit, 
with  low-noise  preamplifiers  in  place  of  power  types.  Characteristics  of  avail- 
able preamplifiers  are  listed  In  Table  VI  for  the  bands  of  Interest.  GaAs  FET's 

~ Dr.  W.  ^tat thews,  C.  L.  Cuccia,  h.  Rubin,  FACC. 
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are  usable  In  all  bands,  but  the  30  GHz  band  nay  use  direct  mixers  with  slightly 
poorer  noise,  to  allow  the  BFN  to  be  built  at  C or  X band. 

The  receive  BFN  could  incorporate  256  preamplifiers,  one  at  aach  feed 
element,  or  powers  from  pairs  could  be  combined  to  reduce  the  number  of  ampli- 
fiers to  128.  Their  power  consumption  is  so  low  that  size  and  weight  considera- 
tions would  probably  prevail,  as  well  as  the  flexibility  of  individual  element 
phase  control. 

Filtering  to  suppress  the  transmit  signals  to  an  acceptable  level  should 
require  only  60-dB  rejection.  Filters  of  the  same  type  as  transmit  will  be 
usable,  with  3 of  4 sections.  Phasers  and  VPD's  will  also  be  similar,  with 
slightly  hi^er  losses.  The  same  linearity  and  stability  requirements  will 
apply,  especially  if  any  signal  cancellation  techniques  are  to  be  used  for  inter- 
ference suppression. 

5.6.6. 1.8  The  Multiple  Beam  Footprints  on  Earth  - Introduction  to  Pointir^ 

Accuracy 

Each  of  the  horns  of  a multiple  beam  antenna  produces  an  essentially  circu- 
lar spot  beam;  the  super  position  of  these  beams  then  - in  a simplistic  approach 

produces  the  desired  overall  contour. 

Figure  5-62  shows  how  nine  circular  1.5-degree  beams  can  cover  the  United 
States  - or  how  77  0.5-degree  beams  can  accomplish  the  same  coverage  (with  far 
less  Illumination  ripple).  Figure  5-63  shows  essentially  one  of  the  0. 5-degree 
beams  illuminating  the  Washington  DC  ares  with  its  boresight  axis  centered  into 
Maryland.  Figure  5-63  also  shews  how  the  beam  power  drops  off  as  a function  as 
a distance  away  from  boresight  axis. 

Actually,  the  shape  of  the  earth  makes  a circular  spot  illumination  impossible 
except  onto  the  equator  from  a point  directly  over-head.  Figure  5-64#shows  how 
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a contour  will  alongate  away  from  tha  dlraction  of  boraslght,  with  tha  diatanca 
elongating  according  to  the  nominal  curve*  of  Figure  5-65  for  three  beamwidth*  a* 
a function  of  latitude. 

Table  5-48  ahow*  the  width  in  milei  of  a aatallite  footprint  (circular) 
at  the  equator  from  a aatellite  directly  overhead.  Note  that  a apoK  beam  with 
a 0.5  degree  3-degree  beamwidth  will  have  an  illumination  width  of  190  mile*. 

Table  5-49  show*  that  a shift  of  0.1  degree  of  the  boresight  axis  will 
result  in  a shift  of  the  footprint  by  38  miles.  This  may  be  trivial  for  a very 
wide  footprint,  but  for  a set  of  narrow  beam  footprint  designed  to  provide  a 
rapid  power- flux-density  fall-off  uo  s nefghboring  contoured  beam,  thia  move- 
ment may  be  enough  to  produce  major  interference  into  the  edge  of  the  neighbor- 
ing area. 
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TAF.LE  5<48 

Width  of  • S«tclllce  Footprint  at  th« 
Equator  from  a Satellite  Directly  Overhead 


Circular  Spo^  Baam 
3-dB  Beanwidth 

Width  in  Miles  of 
Circular  Footorint 

4° 

1536  miles 

3° 

1152  miles 

2° 

768  miles 

384  miles 

o 

d 

190  miles 

0.4° 

153.4  miles 

o 

o 

115.2  miles 

0.2° 

76.8  miles 

0.1° 

40  miles 

TABI£  5-49 

Bor^sight  of  a satellite  spot  beam  in  miles  on  earth 
due  to  a beam  pointing  error  - of  a satellite  positioned 
dicectlv  over  the  equator 


Beam  Pointing  Error 

Motion  in  Miles 
of  Beam  Bores ight 

2° 

768  miles 

1.5^ 

576  miles 

1° 

384  miles 

0.5° 

192  miles 

0.25° 

95  miles 

0.2° 

76.7  miles 

0.15° 

57.6  miles 

0.1° 

38.4  miles 

0.05° 

19.2  miles 
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Pointing  error  due  to  yaw  axis  error 
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5.6.7  Satellite  Attitude  Control  Tecihnology 


Having  explored  the  extent  of  beam  motion  as  a result  of  a shift  In  boresight 
axij,  it  is  now  important  to  consider  the  primary  parameter  for  maintaining 
satellite  position  to  minimize  such  a shift;  i.e.,  Che  satellite  pointing  ac^ 
curacy  which  is  based  on  a technology  which  has  expanded  over  the  years  as  much 
as  even  the  technology  of  antennas  or  amplifiers. 

According  to  USSG  IWP  4/1-12  (8  April  1980),  prior  to  WARC-79,  satellite 
antenna  pointing  tolerance  was  specified  in  the  Radio  Regulations  in  paragraph 
470VF.  It  was  specified,  relative  to  the  nominal  pointing  direction,  as  lOZ  of 
the  half  power  beamwidth,  or  0.5  degrees,  whichever  was  greater.  For  beams  which 
are  not  rotationally  sytmetric  about  the  axis  of  maximum  radiation,  the  tolerance 
in  any  place  containing  this  axis  was  related  to  the  half  power  beanwidth  of  that 
plane.  The  limitation  did  not  apply  to  global  coverage  beams  (since  pointing  is 
not  critical),  and  was  not  required  to  be  applied  if  no  unacceptable  interference 
was  caused  to  other  systems.  The  Final  Acts  of  WARC-79  retain  the  provision  of 
107.  of  the  half  power  beamwidth,  but  reduce  the  mlninum  tolerance  to  0.3  degrees 
from  0.5  degrees.  No  tolerance  has  been  established  by  the  Radio  Regulations  or 
by  WARC-79  concerning  the  maximum  amount  that  a beam  is  permitted  to  rotate  about 
its  axis  from  its  nominal  orientation. 

Several  independent  factors  contribute  to  satellite  antenna  mispointlng. 

In  addition  to  the  attitude  control  of  the  satellite,  thermal  distortion  of  the 
antenna  system  and  solar  radiation  pressure  affect  the  pointing  independently. 

In  addition,  variations  in  pointing  occur  over  varying  periods  of  time.  There 
are  time  invariant  biases;  long  period  errors  due  to  diurnal  orbit  variations; 
short  period  errors  such  as  Jitter  and  nutation;  and  transient  errors  such  as 
those  produced  during  maneuvers.  At  any  given  time  these  effects  may  combitie 
to  increase  mispointlng,  or  they  may  cancel  each  other  out.  When  determining  the 
overall  pointing  error  which  a satellite  can  maintain,  the  mathematical  method 
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vhlcli  is  used  to  combine  these  individual  effects  will  strongly  affect  the 
predicted  results.  These  effects  can  be  effectively  eliminated  by  the  use  of 
a cooperative  groundbased  tracking  beacon  system,  in  which  the  satellite  antenna 
is  moved  in  order  to  precisely  track  a beacon  signal  transmitted  from  the  ground, 
regardless  of  the  satellite  attitude.  Hcvever,  such  a system  adds  to  system  cost. 

In  the  absence  of  a tracking  beacon,  other  pointing  control  techniques 
such  as  earth>sensor  or  star-sensor  systems  can  be  employed.  Because  of  the 
effects  listed  above,  the  pointing  accuracy  of  satellites  so  equipped  is  limited 
to  0.1  to  0.2  degrees.  Tracking  beacon  systems,  such  as  that  which  will  be  used 
on  the  Satellite  Business  Systems  (SBS),  Palapa  B,  and  Vestar  B satellites, 
are  able  to  maintain  pointing  to  within  0.05  degrees;  however,  requiring  the 
use  of  such  systems  on  all  future  satellites  would  add  to  their  cost  and  com- 
plexity, and  in  most  cases  would  not  provide  significantly  more  interference 
protection  than  non-beacon  systems.  Current  domestic/regional  satellite  antennas, 
for  example,  have  typical  edge  of  coverage  gain  slopes  of  3 to  5 dB/degree.  Thus, 
if  pointing  is  maintained  to  within  0.2  degrees,  less  than  1 dB  of  gain  variation 
will  be  observed.  The  improvements  in  interference  protection  to  be  gained  by 
tightening  the  tolerance  beyond  0.1  to  0.2  degrees  are  small  compared  to  the 
higher  associated  costs. 

Beam  rotation  due  to  satellite  yaw  errors,  for  which  no  tolerance  exists, 
has  a negligible  effect  on  orbit  utilization.  As  an  example,  consider  an  ellip- 
tical beam  with  characteristics  as  defined  by  the  Final  Acts  of  WARC-77.  For 
such  a beam,  assuming  a 3 to  1 ratio  or  major  to  minor  axis,  the  gain  variation 
produced  by  a I degree  rotation  is  less  than  0.15  dB  near  the  3 dB  contour. 

For  more  circular  beams,  the  variation  Is  considerably  less.  Thus  there  is  no 
need  to  impose  beam  rotation  tolerances. 
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Several  satellite  design  and  operational  factors  which  can  influence  orbit 
utilization  have  been  discussed,  and  suggestions  have  been  made  as  to  how  tightly 
they  should  be  controlled  such  that  their  interfering  effects  can  be  reduced 
without  adding  significantly  to  overall  system  cost  and  complexity.  The  tolerance 
levels  required  to  achieve  the  desired  goals  for  stationkeeping  and  pointing 
tolerance  do  not  differ  greatly  from  those  which  must  be  imposed  in  any  event 
in  order  to  provide  adequate  connunications  system  performance.  TigI  r tole" 
rances  on  stationkeeping  and  pointing  than  those  mandated  by  UARC-79  are  achiev- 
able using  current  technologies,  but  care  must  be  taken  to  avoid  Imposing  un- 
reasonably strict  requirements  which  produce  little  added  benefit  in  increased 
interference  protection. 

Figure  5-68  shows  a chart  according  to  Walter  Morgan,  which  relates  antenna 
pointing  accuracy  to  year  of  launch,  to  minor  axis  of  narrowed  antenna  beam. 

Here  the  antenna  beamwidths  (dots)  and  the  pointing  accuracies  (triangles)  of 
29  spacecraft  are  compared.  A vertical  line  connects  these  parameters  and  a 
horizontal  mark  is  placed  at  the  0.1*^  beamwidth  point. 

Note  that  while  manufacturers  and  users  have  claimed  0.1  degree  since  1973, 
a 0.1  degree  pointing  accuracy  is  met  by  only  one-third  of  all  spacecraft  shown. 
5.6.7. 1 3-Axis  and  Spin  Stabilized  Satellites 

The  most  well  known  technique  of  stabilizing  a satellite  is  spin  stabiliza- 
tion, which  was  proposed  by  Dr.  Harold  Rosen  of  Hughes  in  the  early  1960's  and 
first  used  on  Syncom  1.  All  succeeding  Intelsat  satellites  up  to  Intelsat  IVA 
are  spin  stabilized.  Intelsat  V is  3-axis  stabilized. 

Spin  stabilized  satellites  are  a predominant  U.  S.  cap>ability,  although  the 
Europ>ean  Meteosat,  which  is  a spinner,  used  this  technique  with  great  success. 
Table  5-A9  lists  the  two  types  of  spin  stabilized  spacecraft,  including  the 
single  spinner  with  the  rotating  antenna  on  electronically  despun  antenna  or  the 

dual  spinner  with  the  despun  antenna.  The  satellites  using  spin  stabilization 
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TABLE  5-49 


WORLDWIDE  ACTIVITY  IN  THE  ATTITUDE  CONTROL  SYSTEMS  FOR  SPIN  STABILIZED  SATELLITES 


I 


Satellites 

Type 

Characteristics 

Used 

Antenna  spins  with  satellite. 

SHS 

GOES 

METEOSAT 

IDCSP 

Single  Spinner 

Uses  raostentum  of  spinning  body 
and  antenna  for  stabilization - 

requires  correction  for 
procession  based  on  position 
signal  front  earth  and  sun 
sensors. 

ConitientB 


Using  special  sensors  and  sensor  logic 
for  control ; 

- Spin  type  sun  sensor 

- Slipper  earth  sensor 

Uses  thrusters  for  precession  correction; 

- Hydrazine 

- Dry  gas 

- Bi-propellant 


Dual 


Spinner 

Antenna  is  despun  and  faces 
earth  while  body  spins. 

Uses  momentura  of  the  body 
for  stabilization 

NATO  111 
INTELSAT  IVA 
INTELSAT  IV 
JAPAN  CS 
NTELSAT  III 
ANIK 
WE STAR 

Requires  thruster 
correction  for  procession 

PALAPA 

based  on  signals  from 
earth  and  sun  sensors 

Uses  spin  type  earth  sensors  and  spin 
type  sun  sensors. 

Uses  otechanical  deapin  drive  siotor: 

- Ball  Bros. 

- Ford  Aerospace 

- Hughes 

Uses  thrusters  for  precession  correctives; 

- Hydrazine 

- Dry  gas 

- Bi-propellant 


are  the  principal  cosmunlcation  satellites  in  orbit  today. 

For  many  years,  3-axis  stabilized  satellites  were  a unique  U.S.  technology 
but  awareness  of  the  rise  of  such  satellites  for  space  platforms  led  the  Euro- 
peans to  also  concentrate  on  this  art  to  develop  what  is  today  a significant 
3-axis  attitude  control  capability  which  is  almost  at  the  level  of  that  in  the 
U.S.  Table  5-50  lists  the  important  3-axis  stabilized  satellites  launched  in 
the  1967-1974  time  period  showing  the  number  of  European  satellites  using  this 
technique  Including  Symphonie. 

In  this  study,  the  analysis  of  satellite  technology  is  limited  to  3-axis 
stabilization  because  of  the  size  of  the  satellite  which  must  be  designed  to 
include  the  capability  of  supporting  large  antennas  and  of  maximizing  the  percent- 
age of  payload  mass  to  dry  S/C  mass. 

The  technologies  Involved  in  3-axls  stabilization  relative  to  user  and 
country  or  origin  of  manufacture  are  listed  in  Tables  5-51  and  5-52.  Here,  it 
is  evident  that  Europe  has  developed  a significant  capability  - almost  equal  to 
the  U.S.  - as  far  as  hardware  is  concerned. 

Germany  has  developed  special  competence  in  reaction  wheels  and  both  France 
and  Germany  have  shown  competence  in  moment  am  wheels.  Ford  Aerospace  and  Consnu- 
nications  Corporation  is  presently  using  the  German  MBB/Teldix  attitude  control 
system  on  Intelsat  V.  This  German  group  had  already  developed  attitude  control 
equipment  for  Symphonie  which  has  an  excellent  history  of  stable  operation  in 
space . 

All  att'.tude  control  systems  for  cocsnunication  satellites  using  either  spin 
or  3-axis  attitude  stabilization  require  various  sensors  and  gy^os  to  perform 
the  stabilization.  Table  5-53  lists  the  various  types  of  sensors  and  gyros 
used  in  space  and  the  manufacturers  from  whom  they  can  be  procured.  This  list 
indicates  the  significant  European  competence  which  has  been  developed  in  this 
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TABLE  5-50 

LMPOKTANT  THREE-AXIS  STABILIZED  SATELLITES  LAUNCHED  IN  1967-1974 


Spacecraft 

Launch  Date 

o<;o-4 

July  28,  1967 

OGO-5 

March  4,  1968 

OAO-2 

December  7,  1968 

Nimbus  3 
Azur  1 
ITOS  1 

April  14,  r>69 
November  8,  1969 
January  23,  1970 

Nimbus  4 
reopiz  1 

TD-IA 
Landsat  A 

April  8,  1970 
December  12,  1970 
March  12,  1972 
July  23,  1972 

OAO-3 

August  21 , 1972 

TlP-l  1. 

September  2,  1972 

NOAA-2 
N1  -a  5 
Aeros  1 
Transit 
NOAA-3 
UK-X4 

October  15,  1972 
December  11,  1972 
Decesdier  16,  1972 
October  30,  1973 
November  11,  1973 
March  9,  1974 

Mlsslon/Comroents 

Exceeded  expected  lifetime;  Btablllzed  without  gas  by  dumping 
stored  momentum  from  reaction  wheels. 

Demonstrated  excellent  three-axis  stabilization  in  Intended  highly 
elliptical  (180/91,  ?60  miles)  orbit;  achieved  52  months  operational  life 

Three-axis  gyro  stabilization  in  addition  to  OAO-1  ADCS.  Demonstrated 
30  arc -seconds  pointing  accuracy. 

Demonstrated  36  month  life;  first  day  and  night  weather  measurements. 
German  satellite,  otabilized  by  elliptical  bar  magnets. 

Imp^o^ed  TIROS  meteorological  satellite;  three-axis  stabilized  to  1°; 
exceeded  design  life. 

Still  operational. 

French;  gravity  gradient  stabilized. 

French  scientific  satellite  in  polar  orbit;  inert;ia  wheels  and  gas  Jets. 
Earth  Resources  Technology  Satelllte-1;  still  operational  (45  months  - 
vs.  12  months  design  life.) 

A, 900  lb.  spacecraft  named  Copernicus.  Achieved  0.1  arc-sec  pointing 
accuracy. 

Transit  navigational  satellite  with  passive  sensors,  momentum  wheels 
and  gravity  gradient. 

ITOS-D;  operated  25  months  (12  isonths  design  life). 

Still  operational. 

German 

Gravity  gradient  stabilized;  no  other  sensors. 

ITOS-F 

United  Kingdom  satellite  called  Miranda;  ACDS  designed  to  demonstrate 
3 arc -min.  accuracy  with  only  gas  Jets,  horizon  and  star  sensors. 


TABLE  5“5l 


U'rOKTANT  '1'ilKt.t-AXlS  STABILIZED  SAilil.l. ITTiS  l^UINCIIED  IN  iy6/-l9/4  (.Coat inucd) 


Spacecraft 

i^diiiich  Date 

Mi  as  1 un  /CuuiticiiL  a 

ATS -6 

May  30,  1974 

Larjju  (3090  lbs  and  26  ft.  high)  cunMiiuiiicaCluna  batelllte  witb 
30  ft  diameter  antenna  reflector;  atlll  operutional . 

Timation  3 

July  14.  1974 

Oravity  giadleiil  and  imMuentiuu  wheel  atabi  1 izatlun. 

Aeros  2 

July  lb,  19/4 

Gerittaii 

ANS 

Auguat  30,  1974 

Dutch  bulellite;  First  Scout  launclietl  satellite  to  be  three- 
axis  stab!  1 1 <:ed. 

NOAA-A 

Nuveuiltur  1^,  19/4 

ITOS-G  with  iiiiNueiituni  tiy  wheel  stabilisation;  atlll  operational. 

Syoiphonle  1 

IKicewiber  19,  1974 

Krench/Oeruian  Luiiiiiunlcatlon  satellite  using  BMnnentuai  fly  wheel 
atabi  1 i;£at  ion. 

TABLE  5-52 


WCRUJWIDE  ACTIVITY  IN  ATTITUDE  CONTROL  SYSTEMS  FOR  BODY  STABILIZED  COI^UNICATION  SATELLITES 

(ZERO  MOKCNTUM) 


Typical 

Typical 

Manufacturing 

Characterl8tic6 

Actuator 

Function 

Use 

Manufacturer 

Coo4>anv 

Reaction  wheel 

To  correct  errors  In 

LANDSAT 

Teldl* 

Germany 

satellite  pointing 

Japan  BSE 

«'-4dlX 

U.S. 

NIMBUS 

Sperry 

U.S. 

Thruater 

Unloads  reaction 

Virtually 

Aerojet -General 

U.S. 

- Hydrazine 

wheel  to  do  gross 

all 

Thiocal 

U.S. 

Body  haa  no 

(most  used) 

corrections 

satellites 

Martin  Marietta 

U.S. 

real dual 

- Dry  gas 

SEP 

F ranc  *j. 

nooientun 

- Bi -propel lant 

- Ion  propulsion 

Magnetic  torque 

Unloads  reaction 

RCA  SATCOM 

RCA 

U.S. 

including 

%dieel  without  using 

ESRO  11 

MATRA 

France 

aiagnetooeter 

thrusters 

- Cruzet 

France 

- Tiaw-Zero V Magnet- 

U.S. 

- Develear  1 (Meter 

U.S. 
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TABUi:  5-53 


WORLDWIDE  ACTIVITY  IN  ATriTUDE  CONTROL  SYSTEMS  FOR  BODY  STABILIZED  CO^*!UN  I CATION  SATELLITES 

(MOt*NTUM  BIAS  SYSTEM) 


Characteriatlca 

Actuator 

Function 

Typical 

Use 

Typical 

Manufacturer 

Manufacturing 

Coatpanv 

Foria  of  dual 
apinner 

Uaea  mamentum 
wheel  a to 
atabllize 

Fixed  uioiuentuin 
wheels 

To  correct  errors 
in  pointing 

INTELSAT  V 

Symphonle 

OTS 

Teldix 

Bendlx 

Sperry 

Matra 

Aerospatiale 

Germany 

U.S. 

U.S. 

France 

France 

Horoenttim  biaa 
1 'in  be  uaed  to 
avoid  118  Ing 
atai  crackera 
and  rate 
Integration 
gyroa 

3-axia 
orthogonal 
■lOfaent 
whee 1 a 

Corrects  error  In 
satellite  pointing 

TD-1 

Matra 

France 

Glrabaled 
aKnentum  wheels 

Corrects  errors  In 
satellite  pointing 

LES  6.  9 

Lincoln  Labs 

U.S. 

Reaction  wheels 

Corrects  errors  in 

LANDSAT 

Teldix 

Gerauiny 

satellite  pointing 

Japan  BSE 

Bendlx 

U.S. 

• 

NIMBUS 

Sperry 

U.S. 

Tl^rustera 

Unloads  reaction 

Virtually 

Aerojet -General 

U.S. 

wheel  or  moatentum 

all 

Thlocal 

U.S. 

wheel 

satellites 

Martin  Marietta 

U.S. 

SEP 

France 

Magnetic 

Unload  nomentun 

RCA  SATCOM 

RCA 

U.S. 

Torqulng 

wiieels 

ESRO  11 

MATRA 

France 

- Cruzet 

- Tliae-Zero 

- Develear. 

^ Magnet- 
osMter 

France 

U.S. 

U.S. 

Nutation 

Provides  passive 

ESRO-11 

Aerospatiale 

France 

Daaqier 

attitude  correction 

leiEOSAT 

Matra 

France 

OF  POOu  QU* 


lAELE  5-54 


wc:-::w:de  Acrivir:  n:  :e:;30r:  used  for  attitude  control  svste.‘2 


T'  •je  Sens jr 


Ear.r.  Horizon 

SeUiOr 


Elipotr  Spinning 
Izr:n  Sensor 


Sensor 


Siar  Iracicer  for 
Uav  ,-jiZS  '.eierence 


Venoor 

Countrv 

Marconi 

U.K. 

Locicheec 

USA 

Barnes 

USA 

• 

USA 

Quancoc 

USA 

Socerr. 

France 

Gala-ec 

Italy 

Loc4r.ee  c 

USA 

Barnes 

USA 

S one  rr. 

France 

Bal.  Bros. 

USA 

Acco. 

USA 

Soderr. 

France 

.Macra 

France 

Bence:. 

USA 

Mirneapo.is  -.one^vell 

USA 

Bal-  Bros. 

USA 

iCo  m • sn^»- 

JSri 

Co-e-Morgar. 

•JSA 

Nore.-.ror 

USA 

Scar  Mao' 
Sensor 


er 


Sa^.  iroK 
Macra 
Sen  O'-;-; 

i’ianeaoo-rs  hone'.-'w^i.- 


USA 

France 

USA 


Pwace  Ovrc  and  Minntaro-os  ror.e-.*we 

Race  Incegracior.  G>tc  ^c'rcr^^.l- 

‘For  deceminir.c  posicion  Stncer -Near: oor 

:ror  « <ncvn  posiiior.' 


US« 

USA 

USA 
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area.  One  area,  not  shown.  Is  the  logic  circuits  to  operate  with  these  sensors; 
here,  Japan  has  developed  a significant  competence  in  competition  with  the  U.S. 
and  Europe. 

Tliere  are  many  who  believe  that  the  era  of  the  spin  stabilized  satellite  is 

nearing  an  end  with  the  increased  number  of  J-axis  satellites  being  designed  in 

Europe  (OTS,  ECS,  H-Sat) , U.S.  (Satcom,  IDKSS.  Intelsat  V)  and  Japan  (BSE,  ETS-III) . 
However,  Hughes  has  capitalized  on  its  spin-stabilized  satellite  experience  with 
drastic  reduction  of  non-recurring  costs  by  winning  new  contracts  for  SBS, 

ANIK  C,  Anik  D,  GOES  E,  E,  and  F,  Palapa  B and  Bellstar,  and  Marisat,  and  is 
building  a giant  spinner,  LEASAT,  which  is  compatible  with  Shuttle  launch  thereby 
adapting  spin- stabilized  satellites  to  the  Shuttle  era. 

5 . 6 . 7 . 2 Pitch  Roll  and  Yaw 

In  order  to  understand  attitude  control  technology  for  both  spin  stabilized 
and  3-axis  satellites,  it  is  necessary  to  understand  the  parameters  which  are 
used  to  define  pointing  accuracy;  i.e.,  pitch,  roll,  and  yaw  of  a spacecraft. 

Figures  5-69,  5-70,  and  5-71  show  respectively,  these  parameters  which  are 

defined  in  Table  5-55  and  illustrated  in  Figure  5-72.  (Cue  to  W.  Morgan). 

Table  5-56  is  a listing  of  the  antenna  pointing  control  parameters  attributed 
to  several  spacecraft  - both  spinners  and  3-axis. 

5 . 6 . 7 . 3 The  Attitude  Control  Subsystem 

The  attitude  control  subsystem  provides  active  stabilization  for  the  space- 
craft (Figures,  5-73,  5-74,  5-"^5).  In  transfer  orbit,  the  spacecraft  is  spin- 
stabilized  by  means  of  active  nutation  control  electronics,  which  operates  the 
propulsion  subsystem.  Attitude  determination  is  derived  from  earth  sensors  and 
sun  sensor  data  which  is  processed  by  the  attitude  determination  and  control 
electronics  (Table  5-57). 
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TABL’?  5-55 

Attitude  Control  Axes  (Definition) 


ORIG!::':. 

OF  POOH 


TY 


The  three  axis  used  in  a satellite.  The  pitch,  roll 
and  yaw  axes  - when  the  satellite  is  in  use,  the  earth 
is  in  the  +Z  direction,  orbit  motion  is  in  the  X 
direction,  lines  X-Z  lie  in  the  orbit  plane  while 
Y is  the  orbit  normal  vector  (North-South  Axis],.  y 

PITCH 

o The  pitch  axis  is  defined  here  as  a rotation  about 
North-South  (orbit  normal)  axis. 

o This  results  in  a translation  of  the  nom?nal  beam 
position  (solid  circle)  in  an  East-West  direction. 


(Note:  This  is  one  of  two  axis  systems  -- 
derived  from  the  motion  of  an  aircraft) . 

ROLL 


the  other  is 


0 The  roll  axis  lies  in  the  flight  direction. 

0 The  antenna  beams  are  translated  in  a North-South  direction. 

o As  the  satellite  goes  through  its  24-hour  orbit  any  pitch  error  becomes  translated 
into  an  equal  magnitude  roll  error  six  hours  later.  In  six  more  hours  it  reverts 
to  the  pitch  error. 

0 The  pitch  and  roll  errors  are  (360/18)  times  as  important  as  a yaw  error  due  to 
the  limited  field  (18  degrees)  occupied  by  the  earth. 


YAW 

o The  yaw  error  is  caused  by  a rotation  about  the  local  vertical  (the  line  joining 
the  satellite  to  the  center  of  the  earth  through  the  sub-satellite  point  on  the 
earth's  surface). 

0 If  only  one  beam  is  used  and  it  is  centered  on  the  sub-satellite  point  the  in- 
fluence of  a yiw  error  would  be  zero  if  circular  polarization  was  used.  For  off- 
sub-satellite  beams  (see  Figure)  the  yaw  error  represents  a rotation. 

o Much  greater  yaw  errors  can  be  tolerated  in  even  these  cases  than  for  the  pitch/ 
roll  errors. 
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TABLE  5-56 

ANTENNA  POINTING  CONTROL 


Roll 

Pitch 

Yaw 

INTELSAT  IV  - Digital  Modes 

+033 

±0.2 

" 

INTELSAT  IVA,  COMSTAR  Analog 
- Analog  Earth 

+0.197 

±0.185 

— 

INTELSAT  V - 6 GHz  Ant. 

+0.15 

±0.2 

±0.46 

INTELSAT  V - 4 GHz 

+0.14 

±0.14 

±0.41 

Anik 

±0.134 

±0.169 

— 

RCA  Satcom 

±0.19 

±0.21 

— 

NATO  III 

±0.247° 

±0.246° 

-- 

CS 

+0.143° 

±0.222° 

— 

ETS  II 

+0.40° 

+0.346° 

“ 
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Figure  5-73 


ACS  SIMPLIFIED  BLOCK  DIAGRAM 
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Figure  5-75.  BSE  Attitude  Control  System  by  G.E. 
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TABLE  5-57 


Attitude  Control  Subaystem  Component  Complement  & Functions 


Transfer/ Injection 
Mode 

Function 

On-Orbit  Mode 

Function 

Digital  Sun  Sensor 

Generate  Solar  As- 
pect Data  & Sun 
Reference  Pulse 

Earth  Sensor 

Generate  earth  refer- 
enced Error  Signals 

Horizon  Crossing 
Indicator 

Detect  Space/Earth 
Boundary 

Monopulse 

Generate  RF  Beam 
Referenced  Error  Signal: 

Nr  tat ion  Damper 

Damp  nutations 

Analog  Sun 
Sensor  Assy 

Generate  Sun  Refer- 
enced Error  Signals 

1 

Reaction  VHieels 

Generate  Control 
Torques,  Store  Cyclic 
Momentum 

Control 

Electronics 

Process  Signals 

Control 

Electronics 

Process  Signals 

Rate  Gyro 
Package 

Generate  Rate  Error 
Signals 
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After  Injection  Into  synchronous  orbit,  the  spececreft  Is  despun  end  the 
soler  erreys  end  entenne  reflectors  ere  deployed.  The  spececreft  roll  exis  is 
eligned  to  the  sun  line  by  firing  hydrezine  thrusters  (Figure  S-76).  The  spece- 
creft rotates  ebout  the  roll  exis  until  the  eerth  is  viewed  by  the  geostetionery 
eerth  sensors,  et  which  tine  the  spececreft  is  locked  onto  the  eerth  by  switching 
the  AOCE  to  stetlonkeeping  mode  when  the  pitch  exis  is  perellel  to  the  eerth 
spin  exis.  Finally,  one  of  the  redundant  pair  of  tromentum  wheels  is  spun  up. 

In  the  nonanl  on-station  mode,  pitch  control  is  maintained  by  nonentum 
bias.  The  momentxun  wheels  op>erate  et  3500  r/mln  and  provide  nominally  35  newton- 
meter- seconds  of  stored  momentum.  Roll  end  yew  control  is  provided  by  firing 
small  hydrazine  thrusters.  Three  geostationary  infrared  sensors  provide  earth 
reference  data:  two  redundant  earth  sensors  scan  the  earth  east-west  (E-W) ; e 

third  redundant  earth  sensor  scans  the  eerth  north-south  (N-S) . To  allow  re- 
pointing of  the  spe:;ecraft  for  antenna  pattern  meesuremeut,  a pair  of  E-W  end 
N-S  scanning  earrh  sensors  are  used  to  provide  a wide  field  of  view. 

For  given  mission  duration,  the  fuel  required  to  execute  full  N-S  station- 
keeping represents  15-20  percent  of  the  useful  satellite  mess  if  a conventional 
hydrazine  system  is  employed.  According  to  Collette  and  Herdan,  It  is  possible 
to  reduce  this  fuel  mass  by  one  of  the  two  following  ways:  1)  suppression  of 
N-S  stationkeeping  requirements,  where  this  is  acceptable  for  the  mission; 

2)  increase  of  the  specific  thruster  impulse  capability. 

If  stationkeeping  can  be  suppressed,  savings  in  mess  result,  but  one  more 
degree  of  freedom  is  needed  on-board  so  that  while  the  spin  exis  of  the  momentum 
wheel  stays  parallel  to  the  eerth  exis,  the  mein  body  of  the  satellite  is  sinusoi- 
dally nodded  once  per  day  around  its  roll  exis  to  maintain  correct  antenna  coverage. 
The  simplest  way  to  implement  this  facility  is  to  gimbal  the  momentum  wheel 
around  one  axis  (parallel  to  the  roll  axis  of  the  satellite)  and  provide 
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Fijfure  5-76 
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stepper  motor  ectuetlonr  Another  possibility  Is  to  keep  the  spacecraft  attitude 
constant  and  not  the  antenna  or  antennas  on  a daily  basl^,  which  may  be  accept- 
able for  a satellite  with  a single  antenna,  but  becomes  Impractical  for  more 
complex  arrangements. 

If  N-S  stationkeeping  is  essential,  methods  exist  to  improve  on  the  specific 
impulse  of  conventional  thrusters  including  the  use  of  bi- propel lent,  power 
augmented  electrothermal  hydrazine  decomposition,  or  electrical  propulsion 
thrusters.  The  specific  impulse  of  the  latter  is  an  order-of-magnitude  higher 
than  the  other  and  in  fact  the  dry  mass  of  its  components,  including  a high- 
voltage  power  supply,  represents  most  of  the  mass  of  such  a system. 

5. 6. 7. 4 Iiaproving  Pointing  Accuracy 

With  the  use  of  smiller  diameter  antenna  beams  comes  the  requirement  for 
(1)  tighter  control  on  pointing  accuracy  (variability),  and  (2'^  ability  to  bias 
antenna  position.  The  bias  capability  is  needed  for  both  pitch  and  roll  to  opti- 
mize antenna  location  foi  different  orbit  slots  and  to  optimize  coverage  on 
station.  The  latter  capability  is  simply  provided  by  a 3-axls  control  system 
or  mechanical  antenna  positioners. 

Assuming  a 12  GHz  antenna  pointing  requirement  on  a spacecraft  design  with  a 
shortest  and/or  most  symmetric  feed  support  structure,  the  most  ^ traight- forward 
improvement  in  pointing,  by  approximately  0.045°  in  pitch  and  0.028°  in  roll  is 
accomplished,  achieved  by  speeding  up  the  wheel  (3500  to  4500  rpm)  and  intro- 
ducing more  sophisticated  control  logic  in  the  ADCS-  The  electronics  changes 
require  the  addition  of  a tachomete'*  loop  in  the  pitch  wheel  regulator  and  the 
use  of  "observer"- type  regulators  for  roll,  yaw  and  pitch  station- keeping  loops. 
"Observers"  basically  estimate  the  steady-state  disturbance  torques  due  to  CM 
shifts  and  thruster  misalignments,  and  ccympensate  for  the  associated  attitude 
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offsets.  (Yaw  pointing,  though  not  critical,  will  terd  to  improve  in  proportion 
to  roll  - particularly  in  the  normal  on-orbit  mode). 

Consider  pdding  a third  momenuim  wheel  (Table  5-58)  for  Improved  accuracy, 
two  possible  3-vheel  options  are  available.  The  simpler  and  more  straight- 
forward would  be  to  add  a third  identical  momentum  wheel,  and  operate  the  set 
with  two-out-of- th  redvaidancy,  (i.e.,  two  wheels  would  be  Aioning  at  a time). 
The  associated  weight  peu.;lty  is  about  10  kg,  in  return  for  a roll  pointing  im- 
provement of  approximately  0.03°. 

The  same  improvement  can  be  achieved  for  a weight  penalty  of  approximately 
5 kg  by  making  the  third  wueel  a staaller  "react ion-wheel",  installed  along  the 
yaw  axis  and  driven  about  a.  low  bias  speed.  The  wheel  is  driven  from  a combina- 
tion of  roll  sensor  and  tack  signals,  and.  basically  allows  — >11  pointing  to  be 
continuous  (rather  than  the  dead-band  type  as  is  done  currently).  Small  angular 
changes  in  the  mounting  of  the  two  baseline  momentum  wheels,  would  also  be 
required.  The  resulting  trio  of  dissimilar  wheels  can  still  be  run  with  two-out- 
of-three  redundancy.  This  3-wheel  configuration  would  require  additional  roll 
control  electronics. 

By  including  a monopulse  tracking  or  a similar  RF  sensing  technique,  point- 
ing in  pitch  and  roll  can  be  improved  by  about  0.04°.  The  improvement  in  the 
sensor  performance  alone  accounts  only  for  a total  (RSS)  improvement  of  0.01° 
in  each  axis.  However,  the  self-referencing  of  the  antenna  (single-antenna 
configuration)  eliminates  an  additional  0.03°  in  alignnent  and  thermal  deforma- 
tion errors. 

With  very  tight  angular  pointing  requirements  design  control  of  structural 
and  thermal  deformation  of  the  spacecraft  is  extremely  important.  Very  slight 
deformation  in  the  spacecraft,  especially  if  in  the  neighborhocd  of  an  attitude 
sensor,  may  result  in  relatively  large  errors  in  the  spacecraft's  attitude- 
keeping capability. 
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TABI£  5-58 


Cl-  QDAL-iTY 


3-AXIS  ATTITUDE  CONTROL  CONCEPTS 


I PITCH  MOMENTUM  BIAS  (1) 

PITCH  ROLL 

ATTITUDE  (2)  TORQUE  ATTITUDE  STABILITY  (31 

SENSORS  ACTUATORS  P/R  Y REMARKS 


EARTH 
SENSOR  (ES) 

2-PMW 

0.1“ 

0.25“ 

• USED  ON  INTELSA 

• SIMPLE;  LIGHT 
WEIGHT 

• POOR  ATTITUDE 
STABILITY 

2-PMW 

AND 

1-R/Y  RW 

0.05° 

0.15“ 

s 

• INADEQUATE  ROLl 
YAW  STABILITY 

EARTH  SENSOR 
AND  2-RIG 

3-SKEWED  PMW 
OR 

2-SKEWED  PMW 
AND 

2-R/Y  RW 

0.002“ 

0.05“ 

• HEAVY 

• MARGINAL  YAW 
STABILITY 

10NOPULSE 

RECEIVER 

(ANY  OF 
ABOVE) 

(SEE  REMARKS) 

• REQUIRES  DEDICATED 
GROUND  STATION  & 
HIGH  GAIN  ON-BOARD 
RECEIVE  ANTENNA 

• BETTER  STABILITY 
THAN  OPTION  1. 

BUT  WITH  GREATER 
COMPLEXITY. 

■MW  = PITCH  MOMFNTUM  WHEEL  (1)  YAW  ATTITUDE  SENSORS  NOT  REQUIRED 

R/Y  RW  ROLL/YAW  REACTION  WHEEL  YAW  CONTROL  BY  ROLL  COUPLING  (GYRO 
IIG-RATE  INTEGRATING  GYRO  COMPASSING) 

(2)  REDUNDANCY  NOT  INCLUDED 

(3)  30  MINUTE  PERIOD. 
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When  considering  attitude  control  err<'rs  on  the  order  of  0.001  , the 
overall  ability  os  a satellite  to  point  to  a particular  location  on  the  surface 
of  the  Earth  is  no  longer  primarily  a function  of  the  attitude  control  system. 
Rather,  an  equivalent  contribution  of  pointing  error  can  be  caused  by  uncertain- 
ties in  ephemeris  data.  For  example,  a pointing  uncertainty  of  0.001°  will 
produce  a pointing  error  of  about  +9  m from  a 500  km  orbit  (Doc.  2/44-E) 

Figure  5-77  (due  to  S.  Marx  of  FACC  and  Associates)  illustrates  the  above 
paragraphs  in  terms  of  how  pointing  accuracy  improvements  for  a 6 GHz  antenna 
or  a large  1000  Kg  3-axis  satellite  (Atlas  Centaur  class)  can  be  achieved, 
showing  the  various  techniques  needed  to  achieve  around  0.05°  pitch  and  roll 
in  both  East-West  and  North-South. 

5.6.8  Space  Power  Systems 

A communication  satellite  requires  D.C.  power  to  operate  all  its  electronic 
equipment,  including  tne  transponder,  and  the  attitude  control  system.  The 
power  sources  can  include  solar  cells,  batteries  or  nuclear  isotope  systems  as 
listed  in  Table  5-59. 

D.C.  or  primary  power  requirements  will  vary  with  the  size  and  weight  of  the 
communication  satellite.  Some  of  the  primary  powers  associated  with  present 
satellites  as  derived  from  solar  cells  can  be  listed  as  follows; (see  Figure  7-78). 


Satellite 

Weight  in  Orbit 

■ -CKg) 

Primary  Power 
(watts) 

Tvoe  Soacecrafi 

Intelsat  I 

38 

40 

Spinner 

Intelsat  II 

152 

120 

Spinner 

Intelsat  IV 

700 

400 

Spinner 

Intelsat  V 

967 

120C 

3-Axis  Scab! 

Anik 

240 

320 

Spinner 

Falapa 

246 

307 

Spinner 

Symphonic 

230 

780 

3 -Axis 

BSE  (Japan) 

317 

1010 

3 -Axis 

CS  (Japan) 

287 

529 

Spinner 

CTS 

347 

91B 

3-Axis 
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Figure  3-77 

Possible  Perfonnsnce  Iw'irovements  for  Pointing  Accuracy 
of  a Hypothetical  Satellite. 
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table  5-59 


SATELLITE  POWER  SYSTEMS 


Type 

Species 

Characteristics 

Typical  Use 

Country 

Batteries 

Nickel -Cadmium  Cells 

13-18  watt  hours/kg 

Intelsat  V 

GE 

USA 

(Nl-Cd) 

5-7  years  life 

Meteosat 

Sharp 

Japan 

SAFT 

France 

HSD 

U.K. 

Nickel -Hydrogen  Cells 

55-75  watts  hours/kg 

Intelsat  V 

— 

— 

(Nl-Hz) 

10  years  life  in 

orbit 

RTG 

RTG  uses  Pu236  in 

300  watts  SOL 

LES  8-9 

GE  * 

USA 

Radio  Isotope 

P11O2  form  Co  heat 

260  watts  EOL 

Thermoelectric 

silicon  germanium 

Generak:ur 

thermocouples 

■ 

Kilowatt 

KIG  uses  isotope  heat 

500-200C  watts 

Developed  by 

Sundstrand 

USA 

Isotope 

source  Co  drive  an 

ERDa  for 

Energy 

Generator 

organic  Ranklne 

Shuttle  use 

Systems 

cycle  system 

"S 


Solar  Cells 
(See  Table 
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Note  that  in  the  above  eate Hites,  primary  power  levels  from  300  to  2000 
watts  are  achieved  with  the  3-axis  stabilized  satellites  having  a oxicli  greater 
ratio  of  primary  power  to  weight  due  to  the  more  efficient  cell  illumination. 

It  is  of  Interest  that  comparable  Soviet  satellites  of  the  Statsionar-T  series 
develop  up  to  2 kw  of  power  from  solar  cells  while  the  U.S.  Sky lab  developed 
5 kw  from  its  solar  array.  As  will  be  shown,  MBB  has  designed  the  ULP  to  achieve 
3 kw  in  TV-SAT  (Figure  5-79) . 

Solar  cells  are  the  widest  used  form  of  solar  power  or  coimnunication 
satellites,  while  batteries  are  carried  on  the  satellite  to  power  the  satellite 
electronics  while  the  satellite  is  in  the  earth's  shadow-  Nuclear  power  sources 
for  comminication  satellites  are  just  starting  to  be  used  where  their  extreme 
cost  does  not  make  such  sources  economically  unfeasible.  LES-8  and  LES-9,  for 
example,  carried  RTG  radioactive  isotope  thermoelectric  generators  generating 
up  to  300  watts,  while  developments  of  kilowatt  isotope  generators  being  de- 
veloped for  ERDA  give  promise  of  power  levels  in  the  kiloiatt  range. 

Table  5-60  lists  the  various  types  of  solar  cells  manufactured  by  a U.S. 
manufacturer,  Spectrolab  (a  division  of  Haghes)  . Of  these  typ>es,  the  Heleos 
cell  provides  the  highest  power  per  cell,  while  the  Hybrid  B cell  is  the  most 
cost  effective.  For  increased  power,  the  sculptured  hybrid  cell  should  be  used, 
provided  increased  cost  and  temperature  can  be  tolerated.  Ford  Aerospace  (FACC) 
experience  in  solar  cells  is  shown  in  Figure  7-80. 

Solar  cells  are  made  net  only  in  the  U.S.  by  Spectrolab,  but  also  in  Germany 
by  AEG  Telefunken,  in  France  by  SAT,  and  in  Japan  by  Sharp.  By  now,  AEG  Tele- 
funken,  as  supplier  of  solar  cells  to  not  only  OTS,  ECS,  and  Meteosat  and  other 
European,  satellites,  but  also  the  Intelsat-V,  bids  to  become  the  world's  largest 
solar  cell  manufacturer.  Table  5-61  lists  these  four  worldwide  solar  cell  manu- 
facturers and  some  of  the  satellites  to  which  they  have  furnished  cells. 


★ NEC  now  makes  GaAs  solar  cells. 
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TABLE  5-60 


NOhENCLATUHE  AND  PERFORMANCE  FOR  TYPES  OP  SOLAR  CELLS 


Spectrolab  Name 

HuRhea  Name 

Ocher  Namea 

Power  2 X 2 CM 
or  Mllliwatta 

Flight  Experience 

Conventional 

— 

56 

SMS,  Nato-lTl 

Hybrid  A 

K4 

Violet 

60 

ETS  11,  GOES,  BC 

Hybrifi  B 

— 

Blue,  Violet, 
Hybrid 

64 

ECS 

Helioa 

K6 

High  Efficiency, 
p Back  Field 

69 

Pioneer,  Venua,  UK6,  CTS 

Sculptured  Hybrid 

— 

Black  Hybrid,  Textured 
Nonref lective 

. 70 

Sculptured  Helioa 

K7 

Black  Helioa,  Textured 
Nonref lective 

. 75 

IEEE  (NASA  International 
Sun  Explorer) 

Oi' 


t I 'f 


FIGURE  5-80 
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OF  POOR  QUALITY 

TABLE  5-61 

PRINCIPAL  WORLDWIDE  MANUFACTURERS  OF  SOLAR  CELLS 


Countrv 

CoBSoany 

AoDlicatlon 

USA 

Spaccro  Lab  (Hughes) 

INTELSAT  IV,  IV -A 

Gemuny 

Telefunkan  AEG 

OTS,  INTELSAT  V 

France 

SAT  (Societe  Anonym* 
de  Telecoamunlcacions) 

Symphonle , INTELSAT  III 

Japan 

Sharp 

Ionosphere  Sounding  Satellite 

TABLE  5-62 

PRINCIPAL  WORLDWIDE  MANUFACTURERS  OF  BATTERY  CELLS 


Countrv 

Comnanv 

Typical  Application 

USA 

G.E. 

INTELSAT  V,  RCA  Sit.oi 

Eagle  Picher 

SMS 

Germany 

Telefunken  AEG 

OTS , Symphonie 

France 

SAFT  (Societe  das 
Accuaulatcurs  Fixes 
et  de  Traction) 

OTS,  JCTEOSAT 

Japan 

Sharp  Co. 

ISS 
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Battery  cells  for  space,  too,  ere  e worldwide  technology,  as  listed  in 
Table  5-62,  however,  most  U.S.  manufacturers  of  connunication  satellites  believe 
G.E.  to  be  by  far  the  most  experienced  and  competent. 

The  technology  of  nuclear  power  for  communication  satellites,  despite  the 
LES-8  and  LES-9  success,  is  still  far  in  the  future.  Present  estimates  are  that 
a nuclear  power  plant  suitable  for  space  applications  now  costs  around  $25,000/ 
watt  of  electrical  power  (LES-8).  This  is  expected  to  drop  to  less  than 
$7,000/watt  by  the  raid-1980' s. 

A major  program  by  the  U.S.  Energy  Administration  is  presently  underway  to 
use  nuclear  power  to  energize  spacecraft  on  DoD  military  missions  or  deep  space 
NASA  missions. 

The  U.S.  program  encompasses  three  different  technologies  that  collectively 
offer  power  levels  ranging  from  a few  hundred  watts  to  several  kilowatts  in  the 
near  term,  with  the  prospect  of  many  tens  of  kilowatts  in  the  longer  term.  The 
latter  would  be  useful  for  spaceborne  radar  surveillance.  The  three  major 
efforts  include: 

o Radioisotope /Static:  In  sizes  up  to  several  hundred  watts,  offering 

significantly  higher  efficiencies,  lower  weight  and  cost,  which  will  be 
available  in  the  early  1980' s.  Electricity  is  generated  by  thermo- 
electric materials  which  ^re  heated  from  a Plutonium-238  source.  This 
is  the  same  basic  concept  that  has  been  used  since  the  SN^P-3A  was  used 
to  power  the  Navy's  Transit  Navigation  Satellite  launched  on  June  29, 
1961. 

o Rad ioisotope /Dynamic:  Uses  a Plutonium- 238  neat  source  to  produce  high- 

temperature  gases  that  drive  a turbine-alternator,  is  expected  to  be 
cost-effective  in  the  0.5-5  kw  range.  Two  competing  systems,  one  em- 
ploying a Brayton  cycle  and  the  other  called  organic  Ranklne,  each 
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designed  to  produce  1.3  lew,  underwent  test  and  evaluation  in  early  1978. 

One  of  the  two  will  be  selected  for  next-phase  funding,  which  is  to 
produce  a system  qualified  for  space  flight  by  early  1982  in  the  USAF's 
next  space  test  program  (STP)  satellite, 
o Reactor/ Dynamic ; Suitable  for  power  levels  of  10-100  kw  or  more, 

currently  is  under  study  at  the  Los  Alamos  Scientific  Laboratory.  The 
technique  shows  promise  of  producing  electricity  at  a cost  below  $100 
p>er  watt  in  large  sizes,  possibly  by  the  late  1930's. 

Radioisotope/static  power  sources  have  repeatedly  demonstrated  their  long- 
term reliability  in  numerous  satellite  and  space  probe  missions.  But  they  have 
been  relatively  heavy  and  expensive.  Current  designs  contributed  the  two  General 
Electric- built  150-W  generators  used  In  each  of  the  USAF/Lincoln  Laboratory  LES-8/9. 

In  1980,  the  design  of  a broadcast  satellite  is  now  requiring  up  to  2.5-3  Rw 
and  only  solar  cells  arrays  are  of  practical  consideration.  Solar  array  technology 
and  battery  technology  have  been  the  object  of  a study  by  Los  Alamos  Scientific 
Laboratory,  and  their  results  are  shown  in  Tables  5-63  and  5-64. 

5 . 6 . 8 . 1 Solar  Arrays  (From  CCIR  Doc.  2/94-E) 

During  the  past  several  years  there  has  been  a considerable  effort  underway 
by  a number  of  organizations  to  develop  lightweight,  deployed  solar  arrays.  Tvro 
distinct  types  of  solar  arrays  have  been  sttidied;  namely,  deployed,  rigid 
arrays  and  deployed,  flexible  arrays. 

The  deployed,  rigid  arrays  have  been  exclusively  the  foldout  type  either 
folded  around  the  satellite  body  during  transfer  orbit  or  contained  In  a flat 
pack,  accordion  fold  arrangement  during  transfer  orbit.  Deployment  occurs  in 
several  steps  usually  commencing  with  the  pyrotechnic  release  of  latches  or  the 
rutting  of  cables. 
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table  S-63 
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Abr.-.os  Scientific  Lat^i.uory 

SOLAR  ARRAY  vs  RHACTOnS  IN  10H ' i 
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There  are  two  basic  types  of  deployed,  flexible  substrate  arrays,  foldout 
and  rollout.  The  foldout  solar  arrays  use  a flat  pack  concept  to  contain  the 
solar  cell  blanket  during  launch.  The  dc^ployment  sequence  begins  with  the 
pyrotechnic  opening  of  a box  or  release  of  latches  or  cables  holding  the  array 
against  the  spacecraft  body. 

Deployment  of  the  . oldfev.  <»rray  takes  place  by  extension  of  a pantograph, 
a boom,  or  telescopic  mast  system  attached  to  the  array. 

Du.  r.g  transfer  i rbit,  j rollout  array  is  wrapped  around  a drum  attached 
to  the  spacecraft.  During  deployment,  the  solar  cell  blanket  is  rolled  out  by 
the  extension  of  a boom  which  is  attached  to  the  blanket.  For  both  foldout  and 
’•ollout  systems  a yoke  is  used  to  separate  the  array  from  the  spacecraft. 

A major  advantage  of  flexible,  foldout  systems  over  flexible,  rollout  systems, 
is  their  inherent  higbor  packing  density  since  no  drum  is  required. 

Table  5-65  shews  the  weight- to- power  and  power- to-weight  ratios  for  several 
deployed,  rigid  solar  arrays.  This  table  is  based  on  a one  kilowatt  wing  of  a 
two  kilowatt  solar  array  system.  It  first  lists  the  weight  to  power  at  beginning 
of  life,  equinox  conditions.  Including  the  array  with  its  blanket,  deployment, 
yoke,  and  sto^^age  systems. 

It  should  be  noted  in  Table  5-65  and,  later,  in  Table  5-66,  that  in  going 
from  a designed  or  tested  solar  array  system  to  a flight-qualified  array,  extra 
weight  is  estimated  to  provide  for  redundancy,  temperature  control,  etc.  It  is 
even  more  evident  when  the  Fleetsatcom  or  CTS  and  FRUSA  numbers  are  compared  to 
the  typical  early  design  numbers.  Several  examples  of  rigid  solar  arrays  are 
shown.  The  first  one  listed  which  is  being  de'^loped  for  an  operational  space- 
craft is  Fleetsatcom.  The  Fleetsatcom  array  is  a rigid  deployed  array,  initial- 
ly folded  around  the  periphery  of  the  spacecraft.  It  uses  conventional  alumina 
honeycomb  substrates  and  solar  cells. 
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TABLE  5-65 


Deployed  rigid  solar  array  comparison 
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The  MBB  improved  composite  structure  (ICS)  array  uses  aluminum 
honeycomb  substrates  and  carbon  fiber  reinforced  epoxy  (CRFP)  facesheets  in  a 
flat  pack  design  with  the  deployment  energy  supplied  by  spiral  springs  on  the 
panel  hinges.  This  concept  was  used  on  the  ESRO  OTS  and  hiirots  satellites. 

The  ultra  lightweight  panel  (ULP)  by  MBB  is  an  advancement  on  the  ICS 
system  using  the  same  deployment  approach  but  including  a carbon  fiber  framework 
and  very  lightweight  solar  panels. 

Table  5-66  is  similar  to  Table  5-65  except  that  it  concerns  flexible 
substrate  solar  arrays.  It  includes  data  on  several  solar  arrays.  The  array 
developed  by  Societe  Nationale  des  Industries  Aerospatiales  (SNIAS)  uses  a 
pantograph,  fc..dout  system  with  launch  stowage  in  an  aluminum  honeycomb-walled 
box.  The  pantograph  is  spring-loaded  and  self-deploys  when  released.  The  rate 
is  conttoliCd  by  a winch  and  motor.  The  solar  cells  are  mounted  on  a Kapton 
substrate  designed  in  modular  form  to  be  usable  for  different  power  levels. 

The  last  co lumps  in  Table  5-66  are  the  estimates  on  weight- to- power  for 
flight- type  flexible  solar  arrays  for  use  in  the  next  three  to  five  years  and, 
sijnilarly,  for  advanced  flight-type  systems  for  use  in  the  post-1980  time  period. 
5. 6. 3. 2 DC  Power  Bus  System  in  a Broadcast  Satellite 

Figure  5-Sl  shows  the  circuit  diagram  for  the  Japan  Broadcast  Satellite 
(BSZ)  as  published  by  G.E.  Note  the  use  of  solar  arrays  and  batteries;  the 

batteries  and  battery  charge  regulators  are  controlled  by  the  TT&C  link;  while 
a power  controller  is  used  to  provide  stable  bus  voltage  to  each  of  the  user 
loads  (transponder,  TT&C  system,  ACS,  etc.),  the  heaters  which  are  used  to  main- 
tain spacecraft  temperature,  and'  the  various  latch  valves. 
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5 . 7 Some  Aspects  of  Broadcast  Satellite  Design 

The  broadcast  satellite  which  will  use  conventional  expendable  launch 
vehicles  such  as  At  las- Centaur,  Delta  3910/3920,  and  Arlane  I to  Ariane  III 
is  fairly  constrained  by  these  vehicles  in  mass  (1800-2300  Kg  launch  payload 
mass)  and  size.  Figure  S-82  shows  conventional  broadcast  satellites  which  have 
been  discussed  earlier;  Figure  5-83  shows  Intelsat-VA  growth  potential  to 
2300  Kg  as  provided  by  Arlane  III  which  is  also  the  launcher  of  TV-SAT  A-3. 

Figi^re  5-84,  for  the  sake  of  completeness,  shows  the  giant  LEASAT  spinner  which 
is  designed  for  shuttle  launch.  These  are  all  large  satellites  capable  of 
carrying  high  power  payloads  of  the  type  typical  of  broadcast  satellites. 

As  has  been  mentioned  earlier,  the  TV  broadcast  satellite  must  be  designed 
from  a different  vantage  point  than  the  communication  satellite.  It  oust  provide 
high  EIRP  of  60  dbw  plus,  (as  compared  to  the  30-35  dBw  of  a SATCOM,  for  example), 
and  must  cerve  the  function  of  providing  broadcast  into  a specific  service  area 
rather  than  providing  point-to-point  communications  between  widely  separated 
points  as  is  representative  of  SATCOM  or  WESTAR. 

In  the  design  of  a broadcast  satellite,  it  is  therefore  necf.ssary  to  define 
the  following: 

(1)  The  service  areas  to  be  covered.  This  will  determine  the  antenna 
system  required. 

(2)  The  per-channel  EIRP.  If  WARC  recommendations  of  60-65  dbw  are  follow- 
ed, then  as  will  be  shown,  the  problem  of  spacecraft  power  will  be  of 
paramount  importance.  If  the  Canadian  approach  of  50  dbw  is  adopted, 
this  problem  may  be  eased,  but  actually  replaced  by  a number-of-channels 
problem. 

(3)  The  power  level  of  power  amplifier?:  and  the  available  efficiencies  will 
be  a key  factor  with  antenna  design  in  producing  EIRP. 
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(4)  The  broedcet  setelltte  will  require  • high  level  of  d.c.  power  to 
provide  the  power  empltf Icatlon  required  to  produce  the  EIRP. 

(5)  The  number  of  channels  or  the  number  of  aaperete  areas  serviced  will 
determine  how  much  total  EIRP  oust  be  reproduced.  This  will  then  deter- 
mine the  satellite  d.c.  power  requirements;  this  will  be  a principal 
factor  In  satellite  weight. 

5.7.1  Broadcast  Coverage  Area 

Figures  5-85  through  5-88  show  the  problem  o£  U.S.  coverage  es  compered 
with  the  Japanese  coverage  by  CS  <shovn  In  Figure  5-85  which  can  be  eccompllshed 

With  a single  rather  simple  antenna  system. 

The  coverage  of  the  U.S.  Conus  ca-.  be  accomplished  by  one  beam,  or  three 

beams,  or  25  beams,  or  77  beams,  or  130  beams,  depending  on  the  beam  width  of 
each  component  beam  In  an  antenna  such  as  the  multiple-feed  offset  fed  reflector 

system  discussed  earlier  In  this  section. 

Providing  an  Interconnected  large  number  of  beams  will,  of  course,  allow 
specific  and  separate  coverage  areas  such  as  four  time  zone  areas  of  the  areas 
which  can  be  easily  separated  by  using  the  detail  or  the  granularity  of  the,  say. 

77  beam  system. 

5,7.2  Antenna  Beam  Granularity  and  EIRP 

Table  5-67  lists  the  antenna  gain,  dUmeter,  and  3-db  beamwldth  for  each 
component  beam  provided  by  a multiple-beam  antenna  system.  Note  that  as  each 
beam’s  beamwldth  decreases,  the  antenna  diameter  Increases  and  the  gain  also 
increases.  At  12  GHz,  about  12-14  ft  Is  the  maximum  antenna  size  that  can  be 
unfurled  or  positioned  from  an  Atlas  Centaur  class  satellite,  and  thus  the  beam- 
widths  are  limited  to  around  0.4  degrees  and  50  db  of  gain  (which  is  In  the 
Morgan- Podracsky  sense- structure  gain  as  contrasted  to  strictly  RF  ga^  which 
must  be  powered  by  a solar  power  system  . 
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FIGURE  5-87.  Beam  coverage  of  USA  using 
0.5  degree  beams  to  achiev’ 
Isolation. 


* Afta  P.  Foldes,  AIAA,  Orlando,  Florida,  1980. 
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TABLE  5-67 


SPACECRAFT  ANTENNA 

POWER  REQUIRED 
PER  BEAM  (dbw) 

APPROXIMATE 
Kl»MBER  OF 
BEAMS 

REQUIRED  FOR 
U.S.  COVERAGE 

AMOUNT  OF  TWT/ 
REQUIRED  FOR  I 

POWER 

'ULL  U.S.  COVERAGi 

Oiauieter 

Gatn/dB 

3dB  Beam  Wldt^ 

EIRP  60  dbw 

EIRP  65  dbw 

60  dbw 

6S  dbw 

5.9 

44 

1^^ 

16 

21 

25 

995 

3147 

6.3 

44.8 

0.9° 

15.2 

20 

30 

993 

3000 

7.3 

45.7 

0.8° 

14.3 

19.3 

35 

987 

2978 

8.2 

47 

o 

0.7 

13 

18 

42 

840 

2650 

9.6 

48.4 

0.6° 

11.6 

16.6 

53 

766 

2422 

11.4 

49.9 

o 

0.5 

10.1 

15.1 

77 

788 

2495 

14.2 

51.8 

0.4° 

8.2 

13.2 

100 

660 

2100 

16.5 

53 

0.35° 

7 

12 

120 

600 

1902 

Table  5-67  also  includes  a key  consideration  in  broadcast  satellite; 
what  total  TWIA  power  (per  footprint)  is  required  to  drive  the  antenna  feed 
system  through  a beam  forming  network  (which  will  have  some  loss)  to  achieve  an 
EIRP  of  60  dbw  or  65  dbw.  As  shown  in  Table  5-67,  as  the  antenna  size  increases, 
assuming  the  approximate  number  of  beams  required  for  conus  coverage,  the  amount 
of  IWTA  decreases  since  less  and  less  is  required  of  each  feed  horn  as  the 
antenna  gain  increases.  Assuming  no  significant  beam  forming  network  loss,  (it 
will  be  around  1-2  db)  it  is  evident  that  for  0.5°  beanwidth  beams,  750  watts 
of  IWT  saturated  power  availability  for  all  77  feed  horns  is  required.  Asstim- 
ing  TWTA  with  50%  efficiency,  this  would  require  1500  watts  from  the  d.c.  bus 
for  the  power  amplifier  system  or  around  2000-2300  watts  for  the  entire  spacecraft. 

Operating  with  0.5  degree  beams  (or  smaller)  makes  possible  significant 
reduction  in  interference  between  adjacent  areas  (see  Table  5-68)  and  indeed,  this 
can  be  increased  by  the  use  of  different  polarizations  or  different  frequencies 
(channels) . 

Note  from  Table  5-67  the  enormous  d.c.  power  increase  implicit  in  requiring 
65  dbw  rather  than  60  dbw  For  all  cases  listed  involving  beanwidths  from  1 degree 
to  0.35  degrees,  TWXA  power  of  2 lew  and  therefore  a d.c.  bus  capability  of  at 
least  5 kw  is  required  - definitely  beyond  the  state-of-the-art  at  this  time. 

5.7.3  Number  of  Channels  to  be  Serviced 

Table  5-67  illustrates  the  problem  in  serving  a country  as  large  as  the 
United  States  mainland,  as  compared,  for  example,  to  that  of  FRG  which  will  be 
illuminated  by  TV-SAT.  It  is  evident  from  Table  5-67,  that  the  TWTA  power  of 
750  watts  can  be  divided  up  any  of  several  ways.  It  can  be  used  to  provide  a 
single  TV  channel  to  U. S.  Conus,  or  to  provide  one  channel  to  each  of  four  time 
zones.  But  without  providing 'll'- carrier  per  transponder  operation  and  thereby 
requiring  a serious  decrease  in  EIRF,  it  Is  clear  that  the  only  means  to  increase 
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DISTANCE  ON  EARTH  FROM  BEAM  CENTER  TO  20  dB  BEAM  POl-IER  REDUCTION  POINTS 
FOR  VARIOUS  SATELLITE  ANTENNA  BEAMWIDTHS 
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the  number  of  channels  or  useful  bandwidth  is  to  increase  or  maximize  d.c. 
power  in  the  broadcast  satellite.  This  d.c.  power  requirement  is  actually  the 
pivot-point  about  which  TV  broadcast  satellite  design  and  service  is  determined 
or  boundered. 

5.7.4  D.C.  Power  in  a Broadcast  Satellite 

Present  large  cornminication  satellites  produce  around  1-1.5  kw  of  solar 
array  power.  InLelsat-V,  for  example,  uses  solar  arrays  which  provide  1.4  kw 
BOL  power  to  guarantee  a 1 kw  EOL  power. 

The  solar  array  power  problem  has  been  the  subject  of  much  investigation 
in  all  countries  - and  in  particular  in  FRG  where  the  ULP  solar  array  , under  de- 
sign at  MBB  for  use  in  TV- SAT,  has  been  designed  to  produce  up  to  3-5  low  (see 
Figure  5-78),  and  according  to  Figures  5-90  and  5-91,  can  provide  this  unusual 
solar  array  power  on  a spacecraft  of  the  same  general  mass  range  as  Intelsat-V. 

With  the  3 kw  of  solar  array  power  on  an  Atlas  Centaur  upgraded  to  2300  kg 
payload  (same  as  Ariane  III),  it  is  clear  from  Table  5-67  that  the  U.S.  conus 
areas  can  be  provided  with  from  3 to  4 TV  broadcast  channels  with  60  dbw  each, 
and  with  the  use  of  different  time  zone  beams  with  minimum  interference  at  zone 
boundaries  well  within  the  protection  ratios  (see  Section  6)  required  and  which 
can  be  served  by  both  use  of  different  channels  and  different  polarizations. 

The  TWTA  used  to  serve  the  multiple  beam  antennas  for  60  dbw  illumination 
are  technologically  well  advanced.  As  listed  earlier,  and  presented  in  Figure 
6-92,  due  to  R.  Strauss,  TWT  up  to  the  750  watt  level  are  available  from  European 
tube  manufacturers . 


* D.  Koelle  and  W.  Kleinau,  "A  Third  Generation  Communication  Satellite  Concept" 
AIAA  8th  Communication  Satellite  Systems  Conference,  April  1980,  Orlando, 
Florida,  Paper  80-0505. 
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A consideration  in  optimizing  solar  array  power  is  the  design  of  the 
spacecraft,  spinner  or  3-axis.  Figure  5-93  shows  that  due  to  form  factor,  the 
flat  array  significantly .uses  mass  more  effectively  then  a cylindrical  array; 
with  a 320  pound  advantage  accruing  to  the  flat  array. 

5.7.5  Basics  of  Satellite  Design  and  Configuration 

The  preceding  paragraphs  have  highlighted  the  need  of  a broadcast  satellite 
serving  the  full  Conus  area  of  the  U.S.A.  with  60  dbw  beams,  to  carry  a large 
antenna  up  to  14  feet  in  diameter,  and  to  carry  a solar  array  capable  of  produc- 
ing more  than  2-3  kw  of  d.c.  power. 

Figure  5-94  shows  a variety  of  3-axis  body  stabilized  satellite  concepts 
in  the  Atlas  Centaur/Ariane  class,  as  provided  by  various  individuals  and  com- 
panies. As  shown  in  Figure  5-95  in  a concept  for  a switching  satellite  due  to 
D.  Jarret  as  presented  in  1976  at  the  6th  AIAA  Sat.  Conference  rn  Montreal,  is 
applicable  to  broadcast  satellite  design  considerations  since  it  is  designed  to 
both  support  a large  transmit  antenna  illuminated  by  multiple  feeds. 

The  satellite  in  Figure  5-96  due  to  FACC  in  a 20/30  GHz  study  for  NASA- 
Lewis  is  equally  applicable  since  it  provides  two  giant  antennas  - one  for 
receive  - in  an  interactive  system,  using  a basic  bus  derived  from  Intelsat-V. 

Figure  5-97  is  a German  concept  made  at  DFVLR  in  the  mid  1970’ s which  is 
interesting  since  it  shows  the  giant  antenna  and  the  ULP  solar  array,  and  included 
200  watt  IWT  which  were  not  in  existence  at  that  time. 

Figure  5-98  shows  a TPW  giant  satellite  concept  derived  from  TDRS  for  the 
VASA  20/30  GHz  study,  while  Figure  5-99  shews  an  advanced  RCA  Satcotn  - the 
pioneer  in  domestic  television  distribution  - which  uses  a single  large  antenna 
with  a feed  system  in  cassegrain  optics  which  could  provide  broadcast  satellite 
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Figure  5-99  - RCA. 
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service.  While  the  d.c.  power  of  the  RCA.  Satcota  is  relatively  low  (1000  watts 
EOL)  for  broadcast  satellite  requirenients , its  general  design  follows  the 
others  presented  and  consistent  with  TV-SAT-A3  design  described  earlier  which  in- 
dicate that  bus  design  and  attitude  and  themal  control  are  technologically 
mature  provided  solar  array  power  can  be  provided  to  power  to  TV  channels 
required. 
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6.0  TV  EARTH  TERMINALS 

6.1  The  Small  TV  Earth  Terminal 

The  word  "small"  describing  miniature  earth  terminals  for  broadcast 
satellite  systems  also  implies  low  .$  cost  - a welcome  development  in  the  1980' s 
after  almost  two  decades  of  satellite  systems  requiring  large  million  dollar 
earth  terminal  installations. 

Cominercial  satellite  communications  arrived  in  the  mid  1960*  s using  large 
30-meter  antenna  earth  terminals  to  receive  from  largely  global  beams.  These 
terminals  cost,  in  1960’s  dollars,  from  3 to  8 million  dollars.  The  advent  of 
lO-meter  antenna  earth  terminals  in  the  early-mid  1970' s,  due  to  higher  flux 
density  produced  by  regional  beams,  reduced  these  costs  to  from  0.5  million  to 
2 million  dollars  for  full  receive- transmit  telephony  and  TV  terminals  to  around 
$65K  for  a 4 GHz  10-meter  TVRO  terminal  using  a then  new  GaAs  FET  ampliiier. 

The  advent  of  the  4.5  meter  TVRO  terminal  in  the  1976  era  further  reduced 
these  costs  to  around  $35K,  and  competition  due  to  deregulation  of  the  need  to 
acquire  a license  to  receive  commercial  4 GHz  TV  broadcasts  from  domestic  commu- 
nications satellites,  brought  these  costs  as  low  as  to  around  $10-15K. 

In  the  decade  of  the  1980' s,  the  use  of  TV  broadcast  satellites  vith  EIRP 
in  excess  of  60  dBw,  the  continued  development  of  low  noise  amplifier  technology 
using  GaAs  FET  techniques  and  the  use  of  new  integrated  circuits  made  possible 
by  commercial  color  TV  developments  has  made  possible  small  1-meter  r/RO  • jrmi- 
nals  at  12  GHz  costing  well  under  $1K,  with  similar  terminals  in  the  0.8  GHz 
and  2.5  GHz  frequency  range  costing  in  the  same  dollar  range. 

liuch  has  been  written  about  the  development  of  low  cost  3-metar  antenna 
S-band  and  UHF  systems  for  use  with  ATS-6  and  of  1 and  2-meter  12  ..Hz  TVRO 
antennas  used  with  CIS,  Anik-B  and  Japan's  BSE  and  the  emergence  of  a private- 
user  4 GHz  r»'R0  business  (to  be  discussed)  is  providing  considerable  development 
of  low  cost  TVRO  earth  terminal  systems  and  technology.  This  report  will  only 
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prestnt  the  highlights  of  these  developments,  but  will  address  the  specific 
technologies  and  costs  which  will  be  realized  in  a future  marketplace  where 
small  TVRO  and  interactive  terminals  in  the  quantities  of  100,000,  1 million, 
and  10  million  will  be  required.  When  such  quantities  are  addressed,  many 
technologies  and  circuits  which  are  not  economic  in  small  volume  procurement 
then  become  candidates  for  the  most  cost  effective  systems. 

6.1.1  Types  of  TV  Ground  Terminals  for  Broadcast  Satellites 

Figure  6-1  illustrates  a typical  TJ  antenna  system  which  includes  an  external 

m 

antenna  with  outdoor  electronics  (if  TVRO,  LNA,  only;  if  interactive,  LNA.  and 
HPA' . A cable  connects  this  out-of-doors  installation  to  an  indoors  system  which 
can  include  the  receiver  and  a TV  recei^’cr,  and  an  exciter  and  telephone  if  the 
system  is  interactive. 

The  .'.ircuit  diagram  of  this  system  is  shown  in  Figure  6-2.  Note  that  the 
basic  TVRO  video  earth  terminal  includes  only  an  antenna,  a LNA.  (low  noi .'e 
amplifier),  and  a video  receiver  which  is  directly  connected  to  a commercial  TV 
set,  or  to  a TV  distribution  system  such  as  a cable  system  or  a VHF  broadcast 
transmitter.  liore  6-2  includes  an  interactive  video  earth  station  which  includes 
a transmit  capability  for  either  or  both  video  and  voice  . Figure  6-3  shows  a 
typical  rVRO  earth  terminal  developed  in  Japan  for  use  with  the  Japan  BSE.  This 
earth  terminal  receives  an  FM  TV  signal  at  12  GHz,  using  a 90  mm  dish,  and  delivers 
a vestigial  sideband  video  carrier  and  an  Fi'i  .lOtind  carrier  at  a prescribed  channel 
frequency  to  a standard  TV  receiver.  This  type  of  receiver,  to  be  discussed  in 
this  chapter, is  intended  to  sell  for  less  than  $300  in  quantities  greater  than 
100,000. 

The  TVRO  terrinal  of  Figure  6-3  is  described  in  terms  of  basic  specifications 
ir  Table  6-1.  Table  6-2  giv.:S  '-.ore  detailed  .Antenna /INA/LO  specifications;  note 


r.<.  V 13 

OF  pooa  quality 


-359- 


OF 


POOR  QUALITY, 


f •*?!>«  to  a skarv  of  the  potentially 

tucranve  direct-to-home  broadcasting  market  using 
Jimpte  recene-only  stations.  Thisonettses  a 90-cm  dish, 
and  SCbcm  dishes  have  been  successfully  tested. 


TO  TV  SET 


Figure  6-3.  Japan's  Small  Earth  Terminal  Contender 


^ ■ - • ' • “ •• 
Oi'  1 i.  .s 


;..l,YY 


TA.BLE  6-1 

Typical  12-GHz  TV  Individual -User 
TVRO  Terminal 


Receive  Frequency 

12.2-12.7  GHz 

Antenna 

1 m 

Receive  Noise  Temp 

50fC  for  Antenna 
550K  for  Receiver 

Receive  Signal  Level 

-110  dBW 

TV-V  Signal 

FM,  12  MHz  P-P  Deviation 

TV-Audio  Signal 

FM-FM,  2 MHz  P-P  Deviation 
4.5  MHz  Subcarrier 

Video  Bandwidth 

4.2  MHz 

Video  S/N 

46  dB,  weighted 

Audio  Bandwidth 

15  kHz 

Audio  S/N 


50  dB 
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Table  6-2 


Typical  Antenna/lM/L.O  Specifications 


Antenna  Type 


Elevation  angle  range 


1 m Cassegrain  antenna  with 
cur ruga ted  horn  and  continuously 
variable  linear  polarization 


5°  to  30® 


Azimuth  angle  range 


Wind  velocities 
Operational 
Surviving 

Polarization  discrimination 
Antenna  gain 
Antenna  temperature 
Frequency  range 


Up  to  30  m/ s 
Up  to  50  m/ s 

>35  dB  within  1 dB  main  lobe  width 
>39.0  dBi  at  12.2  GHz 


i75°  K at  10®  elevation 


12.2  to  12.7  GHz 


Temperature  range 
Outdoor  unit 
Indoor  unit 

Noise  Figure 

LO  stability 

LO  phase  noise,  C/No 


-45®  C to  + 40°C 
0®  C to  + 40  C 

^5.0  dB 

1 X 10  ^/month 

>90  dBHz  at  1000  Kz 
>68  dBHz  at  100  Hz 
>40  dBHz  at  10  Hz 


Gain  stability 


0.5  dB/da 


that  a G/T  of  8 is  used  requiring  an  LNA.  noise  temperature  of  around  5 dB.  The 
receiver  provides  a video  signal-to-noise  ratio  (S/N)  of  46  dB  and  an  audio 
signal  ratio  (S/N)  of  50  dB  when  the  terminal  is  directed  toward  the  BSE  broad- 
cast satellite  with  an  EIRF  of  56  dBlJ  (See  Table  6-1). 

6.1.2  System  Requirements  for  Received  Picture  Quality 

The  ultimate  question  in  TV  transmission  is  the  customer  acceptance  of  the 
displayed  TV  ima;;^.  This  has  been  related  by  the  TASO  study  i.»ce  below)  to  the 
rms  RF  signal-to-noise  ratio  (S/N  in  a 6 MHz  band  for  NTSC  television  system. 

Almost  all  of  the  recent  American  literature,  including  the  Jansky  and  Bailey 
report  referenced  in  the  Rl’P,  refers  back  to  this  experimental  study  reported  by 
the  Television  Allocations  Study  Organization  (TASO)  in  ’.959.  The  TASO  study 
was  conducted  at  the  RCA  Laboratories  in  Princeton,  New  Jersey,  in  May  and  June 
1958.  Almost  200  observers  participated  in  the  experiment,  resulting  in  approxi- 
mately 28,000  separate  observations  in  63  electrical  test  conditions.  The  sub- 
jective effects  of  noise  on  pictures  and  of  co-channel  and  adjacent- channel 
interference  were  determined. 

The  raw  data  obtained  by  the  TASO  Panel  was  analyzed  further  by  the  FCC 
and  reported  by  Harry  Fine  of  the  FCC  in  1961.  His  principal  results  are  shown 
in  Figure  6-4.  The  picture  grades  are  defined  in  Table  6*3.  Note  that  for 
S/N  above  45  dB,  TASO  Grade  1 is  achieved  in  which  the  noise  is  not  perceptible 
and  the  picture  is  of  extremely  high  quality. 

The  signal-to-noise  ratio  (S/N)  is  obtained  from  standard  link  budgets. 

Table  6-4  describes  link  budgets  for  12  GHz  individual  and  community  reception 
where  ...«  satellite  EIRP  is  63  dBW  for  the  direct- to-home  receiver  and  55  dBW 
to  the  community  receiver;  a G/T  of  8 is  assumed  for  the  direct- to- home  receiver, 
and  S/N'^  in  the  45  to  47  dB  range  are  obtained  for  a TV  signal  using  an  FM  in 


a 20  MHz  bandwidth. 


ISN«It*,o  • RMS  RF  SIGNAL  AT  StNC/RMS  RF  NC:SE  IN  6MH{  (8t) 


Figure  6-4 
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TABLE  6-3 


TASO  Grade  Definitions 


Ovade 

1 

Grade  Number 
1.00  s q s 1.50 

Grade  Name 
Excellent 

o 

1.50  s q -a  2.50 

Fine 

3 

2.50  ^ q « 3.50 

Passable 

4 

3.50  5 q ^ 4.50 

Marginal 

5 

4.50  s q 5.5U 

Inferior 

0.50  ^ q ^ 6.  Oo 

Unusable 

Dctinition  of  Grade* 

"The  picture  is  of  extremely  high 
quality , as  good  as  you  could  desire." 
Noise  IS  not  perceptible. 

"The  picture  is  of  high  quality, 
providing  enjoyable  viewing. 
Interference  is  perceptible." 

"The  picture  is  of  acceptable 
quality.  Interference  is  not  ob- 
jectionable. " 

"The  picture  is  poor  in  quality  and 
you  wish  you  could  Improve  it. 
Interference  is  somewhat 
objectionable. " 

"The  picture  is  very  poor,  but  you 
could  watch  it.  Definitely  objec- 
tionable interference  is  present." 

"The  picture  is  so  bad  uhat  you 
could  not  watch  it.  " 


As  defined  in  "Engineering  Aspects  of  Television 
to  the  FCC,"  March  16,  1959,  Pages  453.  454. 
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TAEIE  6-4 

Link  Budgets  fr»r  FM/TV  Downlinks  at  12  GIfe 


Pairameter 

EIRP 

Free  Space  Loss 

Service  area  edge  factor 

Rain  attenuation  margin 

Other  Losses 

G/T 

-k 

C/No 

B (20  MHz) 


Individual  Reception  Community  Reception 


63.0  dB 
-205.0  dB 


16.0  dB 

47.0  iB 


55.0  dB 
-205.0  dB 


-3.0  dB 

-3.0  dB 

-2.0  dB 

-2.0  dB 

-0.6  dB 

-0.6  dB 

8.0  dB 

14.0  dB 

228.6  dBW 

228.6  dBW 

89.0  dB 

87.0  dB 

73.0  dB 

73.0  dB 

14.0  dB 

45.0  dB 


* peak- to- peak  luminance  to  weighted  rms  noise 


Figure  6-4A  shows  how  ancenr^  diameter/ gain  and  S/N  can  be  related  as  a 
function  of  LNA  noise  figure  at  12  GHz  showing  that  a 1-meter  antenna  system  with 
a noise  figure  of  4 dB  will  yield  a S/N  of  at  least  45  dB  which  will  give  TASO 
grade  1 quality  to  the  user.  Tabl*  6-5  describes  additional  link  budgets  at 
12  GHz  as  derived  for  Doc.  10-11/1114-E  based  on  present  and  achievable  tech- 
niques, for  Regions  1,  3 and  Region  1.  This  table  is  in  C/N,  and  includes  the 
received  power  flux  density  PFD. 

6 . 1.3  General  G/T  Versus  Antenna  Diameter  Considerations  in  rv  Earth  Terminals 

In  USSG-lO/llB  Doc  BC-852,  Dr.  Firouz  Naderi  has  developed  several  very 
useful  curves  which  relate  LNA  or  receiver  noise  figure  and  antenna  gain  for 
various  ranges  of  G/T  at  0.7  GHz,  2.6  GHz,  and  12.2  GHz. 

Note  from  Figure  6-7,  that  a noise  figure  of  6 dB  and  an  antenna  diameter  of 
1 meter  gives  a G/T  a^S  dB.  The  value  includes  a coupling  less  of  0.5  dB  and  an 
antenna  temperature  of  171K.  Note  that  ’"Saining  the  1-meter  antenna  diameter 
and  reducing  the  noise  figure  to  3 dB  increase  the  G/T  to  12  dB  while  retaining 
the  6 dB  noise  figure  receiver  and  increasing  antenna  diameter  to  1.5  meters 
also  increases  the  G/T  to  12  dB. 

Thus  it  is  possible  to  make  cost  trade-offs  between  the  curt  of  increasing 
antenna  diameter  and  the  cost  of  reducing  noise  figure  in  order  to  achieve  a 
particular  G/T. 

Tables  6-6A  and  6-6B,  for  video  only,  also  due  to  Dr.  Naderi,  relate  two  values 
of  S/N  and  four  different  bandwidths  in  MHz  to  the  sum  of  satellite  EIRP,  earth 
terminal  G/T.  Note  that  from  Table  6-6,  a satellite  with  an  EIRP  of  68.6  and  an  FH 
bandwidth  of  27  liHz  will  provide  a S/N  of  43  dB  with  an  antenaa  terminal  of 
G/T  * 8 dB  at  12  GHz.  While  the  EIRPs  are  believed  to  be  extremely  conservative 
(slightly  high),  the  trends  in  G/T  for  ’^rious  bandwidths  for  a given  S/N  can 
also  be  established,  with  a spread  of  almost  6 dB  existing  between  the  18  MHz 
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table  6-5 

Characteristics  of  Hapreseatative  Receiving 
Systems  and  Resulting  Power  Flux-densltlea 
Derived  from  Doc  lO-ll/1114-E 


Type  of  Reception 

A 

Individual 
B C 

D 

j 

A 

Connaunity 
B G 

D 

HP  beamwidth  (degrees) 

2.4 

m 

2.0 

1 

1.8 

1.0 

1.0 

Antenna  diam.  (m) 

0.75 

m 

0.9 

B 

1.8 

1.8 

1.8 

Noise  factor  (dB) 

6.2 

3.7 

5.0 

B 

4.2 

4.2 

4.2 

G/T  (dB) 

1 

4 

12 

6 

8 

14 

20 

14 

14 

Overall  C/N  required  (dB) 

14 

14 

lA 

14 

14 

14 

14 

14 

Frequency  band  (GHz) 

12 

1 

12 

12 

12 

12 

12 

12 

12 

Bandwidth  (MHz) 

18 

27 

27 

18/23 

18 

' 27 

27 

18/23 

PFD  (dBM/m^) 

1 

-103 

■109 

-103 

-104/ 

-103 

1 

' -112 

-117 

-111 

-112/ 

-111 

A:  readily  achievable 

B:  achievable  at  additional  cost 

C:  adopted  by  WARC-BS  for  Regions  1 and  3 
D:  adopted  by  WARC-BS  for  Region  2 (US) 
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Figure  6-5 

G/T  ^s  • function  of  intcnni  gain  and  the  receiver 
noise  figure  frequertcy  • .7  GHZt  coupling  loss  ■ »5  OB, 
antenna  temperature  ■ 350  K. 
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Figure  6-7 

G/T  as  a function  of  antenna  -ize  and  receiver  noise  figure.  Frequency  ■ 12.2  GHz 
coupling  loss  • .5  dB,  antenna  temperature  ■ Tjp  ♦ T35  wHere  Tjp  • antenna  temperature 
due  to  rain  ■ 171  k{ corresponding  to  4.1  dB  rain  attenuation  for  25“  elevation  angle 
and  99. 9t  reliabiMty  in  an  average  year)  and  Tjs  » antenna  temperature  due  to  sources 
other  than  rain. 
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lABLE  6-6^) 

Tht  rtqu1r«d  algcbritlc  sum  of  tht 
sattll Ut  ETRP  ind  tht  groun4  ttrmlntl 
6/T  for  Individual  recaption. 


Bandwidth 
In  MHe 

Tov"  required  satellite  EIRP  ♦ 
groind  terminal  G/T  In  dS 
for  .VN  - 43  dB 

UHF 

S 

Ku 

18 

42.9 

54.4 

72.3 

23 

39.3 

50.8 

68.7 

27 

37.2 

48.7 

66.6 

36 

37.0 

48.5 

66.4 

TABLE  6-6B 

Tht  required  algebratic  sun  of  the 
satellite  EIRP  and  the  ground  Terminal 
G/T  for  connunlty  reception. 


Bandwidth 
In  MHz 

The  required  satellite  EIRP  ♦ 
ground  terminal  G/T  in  dB 
for  S/N  • 49  dB 

UHF 

S 

Ku 

18 

48.9 

60.4 

78.3 

23 

45.3 

56.8 

74.7 

27 

43.2 

54.7 

72.6 

36 

39.7 

51.2 

69.1 
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6 . 1 . 3 . 1 S/N.  FM  Bandwidth  aad  Protection  Ratios 

The  degree  of  interference  perceptibility  of  Interference  for  FM  television 
signals  depends  on* the  amount  of  thermal  noise  present  and  permits  a higher 
level  of  Interference  when  the  oicture  is  degraded  by  the  presence  of  thermal 
noise.  The  CCIR  has  expressed  a protection  ratio  PR  which  in  turn  is  related 
to  a protection  constant  PC  as  follows: 

PR  - PC  - (49-S/N)  S/N  -C  49  dB 

a PC  S/N  > 49  dB 

where  all  quantities  are  expressed  in  decibels  and  S/N  is  the  peak-pestc 
luminance  signal  to  SMS  thermal  noise  ratio.  Figure  6^7A  due  to  Collin  and 
Gabel,  shows  the  required  protection  ratio  as  a function  of  S/N  for  various 
FM  bandwidths.  These  protection  ratios  will  result  in  just  perceptible  inter- 
ference during  less  than  57,  of  the  time.  Since  it  can  generally  be  expected 
that  S/N  will  equal  49  dB  or  more  the. required  protection  ratio  will  equal 
the  protection  constant. 

For  example,  a 8 MHz  bandwidth  FM  television  signal  will  require  the 
level  of  Interference  to  be  35  dB  below  the  desired  signal.  It  is  apparent 
that  the  sidelobe  level  of  the  ground  station  antenna  receiving  this  signal 
should  be  at  least  36  dB  below  the  main  lobe  in  order  to  provide  adequate 
discrimination  against  unwanted  signals  for  FM  television  broadcasting  with 
bandwidth  as  low  as  8 MHz. 
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6 • 2 Present  TVRO  Earth  Termltiala 

As  has  been  described  earlier  In  this  report,  numerous  broadcast  TV  systems 
have  already  been  built  and  tested  or  are  In  operation  at  the  three  frequency 
ranges  In  question. 

The  preceding  sections  have  discussed  the  use  of  high  power  satellites  at 
UHF/S<-band/Ku-band  for  broadcasting  Into  small  low  cost  terminals.  These  In- 
clude systems  for  which  significant  hardware  and  test  coomltments  have  been  made. 
These  systems  are  listed  below  and  will  be  discussed  In  the  next  paragraphs. 

UHF  ” USSR  Statsionar-T  into  Siberia  at  715  MHz  (community). 

- ATS-6  Experiment  into  India  at  900  MHz  (community) . 

S-band  (2.6  GHz)  - ATS-6  educational  TV  experiments  into  Rocky  Mountains 

and  Appalachia. 

- DISAT  into  India  (community) . 

Ku-band  - CTS  into  Canada  and  U.S. , testing  0.7  meter  to  4.5 

meter  systems  for  direct-to-user  and  community  recep- 
tion. 

- ANIK-B  and  .ANIK-C  into  Canada,  testing  lower  EIRP 
transmission  Into  small  (1.2- 1.6  m)  antennas. 

- Japan  BSE  Into  Japan  testing  direct-to-user  systems. 

These  systems  essentially  set  the  stage  for  WARC-77  and  for  the  Intense 

Interest  on  a worldwide  scale  that  has  been  manifested  at  WARC-79  and  which  has 
created  the  intensive  broadcast  satellite  developments  described  In  Section  2. 

6.2.1  T.^R0  Earth  Terminals  for  Domestic  4/6  GHz  Satellites 

Any  developments,  worldwide,  in  TVP.O  earth  terminals  at  any  frequency,  will 
benefit  from  the  Intense  developments  now  underway  in  the  United  States  as  a 
result  of  the  use  of  the  RCA  SATCOM  1 and  2 and  WESTAR  1 and  2 donestlc  satellites. 
As  shown  in  Figure  6-8  each  RCA  SATCOM  uses  frequency  use  via  '/ertlcal  and 
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RCA  SATCOM  I,  II.  AND  III  (24  TRANSPONDER  SATELLITE) 
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WESTAR  I AND  II  (12  TRANSPONDER  SATELLITE) 


Figure  6-8 

Transponder  Freyiencv  Plans  ?f  RCA  SATCX)M  and  WESTAR 
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horizontal  polarization  to  provide  24  channels  In  the  3. 7-4. 2 GHz  dovmllnk. 

Each  WEST4R  provides  only  12  channels.  Each  satellite  has  an  EIRP  of  around 
32-34  dB  which  then  peaces  significant  requirements  of  antenna  size  and  LH/l 
noise  temperature,  making  very  small  (1  meter)  antenna  diameters  Impossible,  but 
achieving  exceptional  reception  with  4.6  meter  antennas  and  good  reception  with 
3-meter  antennas.  Figure  6-9  shows  the  reconoiended  minimum  antenna  size  and 
LNA  noise  temperature  for  use  with  SATCOM  1 over  the  continental  United  States. 

The  uses  of  the  SATCCM  and  WESTAR  satellites  for  television  distribution 
are  myriad.  They  range  from  television  network  video  and  sound  distribution, 
to  cable  TV  distribution,  special  programming  for  music,  sports,  news,  conferences, 
etc.,  to  selected  user  coninunities,  and  even  for  broadcasting  sessions  of  the  U.S. 
Congress  in  Washington,  D.C. 

Table  6-8  Lists  the  Cable  TV  earth  terminals  as  of  April  2,  1979  (already 
out  of  date  a year  later)  showing  rhe  number  of  earth  terminals  (10  ijetar  and 
4.5  meter  variety)  which  serve  the  use  above.  Figure  6-10  shows  the  circuit 
diagram  of  a cable  TV  TVRO  earth  terminal  manufactured  by  Microwave  Associates 
(MaiCom)  . Figure  6-11  shows  the  salient  features  of  Scientific  .Atlanta's  Model 
8502  TVRO  earth  terminal  - probably  the  most  widely  used  earth  terminal  in  the 
world  in  1979-1980.  Table  6-12  lists  selected  TVRO  receiver  specifications.  This 
receiver  must  follow  an  LNA  with  a noise  temperature  at  the  100-120^K  level. 

With  the  advent  of  high  quality  TVRO  earth  terminals  such  as  the  Scientific 
Atlanta  terminal  above,  a family  of  very  low  cost  private  user  or  personal  earth 
terminal  systems  has  been  developed  to  sell  from  $1000  to  $12000.  Figures  6-12 
and  6-13  show  respectively  a very  low  cost  high  q’jallty  12-ft  dish  nanufactured  by 
LINDS.AY,  and  the  very,  very  low  cost  S17AN  spherical  antenna  which  is  reported  to 
be  capable  of  costing  less  than  $300  on  a bui Id-your-own  basis. 
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Figure  6-9 

Recommended  minimum  antenna  size  and  Low  Noise  Amplifier 
for  use  with  SATCOM-1 
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TABLE  6-8 

CATV  Earth  Stations  State  Listing 


Total  Subscribers 
In  Thousands  -f 


AiaDama 

Alaska 

Arizona 

Arkansas 


Mississippi 

Missouri 

Montana 

Nepraska 

Nje'.aoa 

Ne.'.  Hampshire 
Ne.-.  jersey 
Ne.\  Mexico 


NiewVorK 

34 

North  Carolina 

18 

Norm  Dakota 

3 

Ohio 

41 

C«  anoma 
Oregon 
Pgnrsy'vania 
Rh;ce  isiano 


Under 

Construction 
Or  No  Data 


Ms”,  ana 

85 

Massachusetts 

71  ; 

Micn.gan 

191  ! 

Mm-esota 

115  < 

•Inc'uaes  115  microwave  interconnects 

* Jc"n  Lubctkin  market'iig  director  tor  the  -cca:achian  Pegic^a  ss’on.  estmna'es  "'a 

suosc'  oers  is  L,naerest'"'atea  Dy  apprcxi'“3'e‘>  iC-tS  percent  i'z  f a-  me  eartn  sta' 
approximate!  V 3-5  percent  Total  as  of  Apni  2 ”979  ^ 


Total 

Earth 

Stations 


65 


1 0 

0 

’ 16 

68 

1 11 

! 2 

50 

4 

II  -rs 
inc  a-'a 

Ij.-.s 

48 
318 
1 72  ' 
64 

12 

6 

E 

> 

0 ‘ 

35 

t1 

Kansas 

148 

11 

63 

Kentucky 

88 

2 

27 

Louisiana 

167 

8 

39 

Maine 

32 

1 

6 

Uto" 
Ve'"-Ont 
V,'g  - a 
'.'Vas'"  nqton 

16 
1 1 
128 
146 

4 

2 

vest  Virginia 

181 

9 

32 

Wisconsin 

131 

4 

24 

Wyoming 

63 

1 

15 

Totals 

7,500 

283 

1.498* 
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Figure  6-11. 


WCCB'TV  CharloRa.  North  Carolina 


Model  S502  Redundant 
Receive- Only  Earth  Station 

The  Model  8502  receive-only  earth  station  also  contains 
the  basic  antenna,  LNA  and  receiver  components.  A 
second  LNA  and  receivir.  plus  a protection  switch,  are 
ncluded  for  Increased  reliability. 

The  protection  switch  continuously  monitors  the  pri.'»'.3r/ 
LNA  and  receiver  for  proper  operation  and  automatically 
switches  to  the  standby  units  should  problems  develop. 

The  Model  8502  redundrnt  system  provides  considerable 
operational  flexibility.  It  may  be  operated  in  several  modes 
selected  by  a front  panel  switch: 

a.  Fully  protected  with  r'  jtomatic  LNA  and  receiver 
switching  for  maximum  protection  against  outage. 

b.  Simultaneous  operation  of  one  primary  and  one 
secondary  channel.  The  secondary  channel  is  auto- 
matically pre-empted  and  switched  into  primary  service 
if  needed  for  protection  of  the  primary  channel. 

c.  Simultaneous  operation  of  two  unprotected  channels. 

Rereive-only  earth  stations  typically  require  less  than  610  mm 
(24  in.)  of  standard  rack  space  to  house  the  video  receivers 
and  sv/itching  equipment.  Since  this  equipment  can  be  located 
several  hundred  feet  from  the  antenna,  existing  equipment- 
room  space  IS  frequently  used. 


Modtl  8502  Redundant  Receive-Only  Earth  Station  Block  Diagram 


TVRO 


General; 

Fraguancy  land 

3.7  - 4 2 GHZ 

Input  Imp^nca 

so  OHMS 

Input  ftatum  Loaa 

IS  OB 

Input  Laval 

-70  To  -40  DBM 

Ctiannai  Bandwidth 

30  MHZ 

Noiaa  FIgura 

13  OB 

Tuning 

24  Channal 

(Local  or  Ramote) 

Thraahold 

8 OB 

Video  Pei<on>tanc« 

S/N.  Waightad  C/N  of  14  OB 

51  OB  Typical 

Clamping 

>36  OB 

Oltfaiantlal  Bhaaa 

1 1*.  10-90%  APL 

DIharanllal  Qain 

4%.  10-90%  APL 

Lina  Tlina  Oiatorllon 

1 “".Z  Unitl  Ma* 

Flaid  Tima  Oialartlon 

2 IPE  Units  Mas 

Short  Tima  Olatorllon 

4 IRE  units  Max 

Ratativa  Chroma  Oaiay 

40  NS  Max 

Ralattva  Chroma  Qain 

t 0 5 OB  Max 

Fraquancy  Raaponaa 

10  KHZ  - 4.2  MHZ  Flltarad 

t 05  08  Max 

Laval  Out 

1 V P-P  (Adiustaoia) 

Impadanca 

75  Ohms 

Oa-Imphaaia 

525  Lina  NTSC 

625  Lina  PAL.SECAM 

TABLE  6-12 

liver  Specifications 


Audio  Pertormance 

Standard  Swbcarriaf 

6 2.  as.  or  7 $ MHZ 

Fraquanclaa 

Othf-s  AvailaOia  on  Raqua^t 

Subcarria.  Daviation 

75  - 200  KHZ  Rank 

Oa  Cmphaata 

75  msac 

S/N.  C/N  el  14  OB 

60  OB 

Fraeuancy  Raaponaa 

r 1 0 08.  50  HZ  to  15  KHZ 

Olaloriion 

IS  Max 

Laval  Out 

♦15  OBM  Tast  Tone  (-18  DBM  Paak 

Impadanca 

150  600  OHMS  Balanced 

Operating  Environment 

TMnpvratiirv  0to5O*C 

Humieilv  95S  at  40'  C 

eiavallon  0 - ISOOO  Fact 

Power  Requiramentf 

Saurea  115/230  V • si/60  HZ  AC 

-22  to  -29  VDC  (Posittv#  Ground) 

Consumplion  45  Watts 
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The  Lindsay  3.6  Meter  earth  station  antenna 
features  excellent  gam  and  sharp  directivity 
at  0 moderate  cost. 

The  antenno  utilizes  pre-assembled,  high  ten- 
sile aluminum  petal  construction,,  mounted  to 
self-aligning  rings.  The  design  allows  for  easy 
assembly  in  the  field  and  keeps  transportation 
cost  down  to  a minimum. 

The  antenna  uses  a triangle  mount  to  reflector 
attachment  to  provide  maximum  rigidity.  The 
antenna  also  feotures  *50  degree  elevation  od- 
lustment  with  full  polar  fracking  capabilities. 


SPECIFICATIONS; 


Diameter 

Gain  

f d 

Half  Power  Beomwidth  

VSWR  

Input  Flange  

Feed  Polarization 

Feed  Adjustment  

Temperature  Rcngi,* 

Ice  Loading  

Windrating  (Survivol) 
Antenna  Weight 
Antenno  Mount  Weight 
Finish:  High  refraction, 


]2ft  i3.6  meters) 
41  dBi 

.4 

1.5  degrees 
. 1.3:1 
„,CPR229G 

Linear 

360  degrees 

-40°  to  +60°C 

1 inch  Radiol 
100  MPH 
250  Lbs 
150  Lbs 
electrostatic  spray. 


figure  6-12.  Aa  Inexpensive  12- ft  TVRO  Antenna. 
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NOW  you  can  build  your  own  Sateime  TV  Earth  Station  in  your  own  backyard 
for  less  than  $999.  This  month  we'll  take  a look  at 
antenna  deaign  and  how  a spherical  antenna  can  be  built  and  erected. 


ROBERT  8.  COOPER,  JR. 


TCN  FOOT  SWAN  SPHCnCAL  !•  I 

«Mhoogf»  •hmiMum 

rae*  l»  m ptac*.  Not*  Swan  * ua*  o«  aquaraa 
and  «pokM  to  ctaai*  landwtcn  layw*  dM  rtg- 
kJty  support  antanna  and  radaettaa  surtaoa. 
Antanna  tW  t*  handtad  by  taiaicopic  raar  sup- 
port foda  wWi  lowpr  pnxind  Up  on  hingaa. 


MatartaM-Evdfytmng  ciM«d 
lor  can  be  procurad  locally. 
StMl  or  alurr<num  pica  tubing 
(round  or  souara  stocK)  plus 
aluminum  window  scraaning. 
and  common  hardwara  such 
as  machine  bolts,  arc  all  that 
■S  reouirad  lor  tha  rellactor 
system  The  (aed-antanna  is 
constructed  Irom  galvaniaad 
snaat  matai 

Coat  - S300  Give  or  take  vary 
litt'a  Although  it  vou  are  a 
good  shoooar  in  mijtai  yards 
you  ff'ght  jhava  as  much  as 
S'OO  from  the  total  ccst. 
Complexity  - Far  less  complex 
:o  create  the  spnencal  sur- 
face dc-sign  tnsn  to  cra.it*  a 
comoarable  oaraboiic  surface 
The  ormcipia  is  easy  to  grasp 
and  uncomoiicatad  to  dupii 
cate 


A tan-toot  spherical  antanna 
will  have  tha  gam  of  a 1 2-fool 
SSVafficiant  parabolic  antan- 
na A 14-foot  sphancal  wsll 
have  tha  gam  of  a 1 6-foot  para- 
bolic A 16-foot  sphancal  will 
operate  like  an  16-fooi  para- 
bolic (The  haighi  of  tha  sphan- 
cal  surface  is  the  same  as  tha 
width  Therafora,  whan  wa 
spaak  of  a 12-Ioot  sphancal 
surface  the  surface  is  actually 
i2  feat  high  by  12  feet  wide.) 


•(») 


•cASuACMcan  lO"  am  mavs  3ir  axoius  xtiisT  iai/(B).  i5‘  focal 

PQIHT  lAI/ICl  ANO  AfeaOXiaATEI.Y  S"  depth  A 14-FOOTEJ 

WILL  HAVE  *Y  RADIUS  hdlST  (A).(81,  2'’  FOCAL  POINT  lAI/IC)  ANO 
APPROXIIIIATELy  »■'  3EP1H  iaI  IEI,  A iC  ^FNEItlWL  SURFACE  WILL 
HAVE  AT  RADIUS  POINT  (A1/I8I,  2V  FOCAL  POINT  !4'  O ANO  APFRQXI- 
PAtLt  t(r  DEPTH. 


GROUND 
LEVEL  ♦•'1/ 


l.cIGHT 


1 


-WIDTH 


TOT TO 

IF  ANTENNA  HAS  FIELD  ADJUSTA*LE  TILT  ANGLE 
lUILT  IN  KEEP  SPHERICAL  SURFACE  VERTlCALIUSE 
INCLINOMETER)  UNTIL  SURFACED,  ill  TO  (0)  HEIGHT 
IS  1/2  SPHERICAL  HEIGHT  RADIUS  MEASURING 
WIRE  WOULO  SECURE  AT  !l). 


ALIGNMENT  - STAKE  SORE  SIGHT 
line  iAi  iBI  lAI  IS  CENTER  ANO  SACK 
MOST  RORTION  OF  tPMERiCAL  SUR 
FACE.  IB)  IS  RADIUS  RQINT.  (C)  « 

FOCUS  POINT  . , 

Fia  8-OETf  UMINING  NAOtUS  pomt  and  toeai  point  of  th*  *p»wneai  raewsor  *urt*e*.  TW*  iplwnai 
raflecsor  surtac*  is  a*  lugh  a*  « l*  wid*. 


FIGURE  6-13. 


Very,  Very  Inexpensive  ($300) 
TVRO  Antenna  at  4 GHz  - 
Backyard  Type. 


PARABOLIC 

FANASOUC  VEftSUS  SFHCNiCAL 
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Table  6-13  lists  three  "personal"  earth  terminal  systems  manufactured  by 
Microwave  General  of  Mountain  View,  California,  to  serve  the  growing  demand 
high  quality  personal  earth  terminals  to  be  installed  in  a user's  backyard  to 
provide  reception  of  the  almost  46  channels  of  television  now  available  for 
SATCCM,  WESXA.R,  and  CCSoSXAR  satellites. 

Microwave  General's  TVRO  systems  are  sold  in  two  varieties  shown  in  Figure 
6-14.  One  provides  direct  input  with  a remodulated  vestigial  sideband  carrier 
and  FM  sound  carrier  to  a standard  TV  set  at  channel  3 or  4.  The  other  involves 
providing  the  demodulated  video  and  audio  directly  to  a monitor  or  projection 
TV  set. 
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TABLE  6-13 


Direct- to-User  TVRO  System 


MICROWAVK  OCNCRAi. 


Personal  Satelfite  Earth 
Station  Terminal  Characteristics 


TERMINAL  MODEL  r^UMSEH 
Frvquvny  Rang#  (GHz) 

Gain  (dBI)  At  (4  GHz) 

Anianna  ^atam  Fig.  of  Marti  ^/T) 

Antanna  (3dB)  Baam  Width  (* ) At  (4  GHz) 
Low  Noiaa  AmpUflar  (Nolaa  Tamp.)  ’ K (4  GHz) 
Raeaivaf  Ktoiaa  Pigura  (dB) 

Racaivar  I.F.  Band  WIdlh  (Mhz) 

Antanna  Ranga  of  Adjuatmant  (Azimuth)  (*) 
Antanna  Ranga  of  Ad|uatmant  (Elavation)  (*) 

PRICE  (Exchiaiva  of  Packing,  Fralght, 
Programming  Faaa 
t Any  Stafa  or  Local  Taiaa 
FOB  Mountain  Vlaw.  CA.) 


PES-8 

PES-4 

PES-5 

3.7-4.2 

3.7-42 

3.7-4.2 

3t.t 

30.9 

39i9 

It 

20 

22 

1.7 

1.3 

1.0 

100 

120 

120 

ia 

13 

12 

2$ 

25 

2S 

90 

90 

90 

20-00 

20-30 

20-90 

$9,9saoo 

$1499a00 

$19.99a( 

Baak;  PES-3  comaa  with  a ona  piaca  flbarglaaa  antanna,  polar  typa  mount  local 
pt.  taad.  faad  support  4 faad  rotator,  A ramota  control  75’  of  cablaa,  locally 
controtlad  racaivar  with  vidao  and  audio  outputa,  low  nolaa  ampiitlar  — i 
complata  syatam  axctualva  ol  tha  T.V.  monitor. 

PES*3  can  Pa  uaad  whart  worst  caaa  EIRP  is  34dBw,  such  aa  Danvar 
PES-4  can  ba  uaad  whara  worst  caaa  EIRP  is  32dBW,  such  as  Saattla. 

PES-5  can  ba  uaad  whara  worst  caaa  EIRP  is  30  dBW,  such  aa  Loa  Angalaa. 


OPTIONS 

I.  Motortzad  antanna  mount  with  ramota  control 
Z Aglia  racaivar,  ramotaly  tunabla 

1 Addad  gain  via  wings  on  5m  ant.  only 

4.  Sida  loba  shroud  lor  5m  ant  only 

5.  Motortzad  taad  ad)ustmanta  ramota  control  4m  A Sm 

6.  Dual  polarization  faada 

7.  Lowar  nolaa  LNA'a 

8.  Trailer  for  transport 

9.  Longer  r abla  runs 

10.  Praaaurtzatlon  of  faad  A cablaa 

II.  Tan  or  graan  antanna  A mount 

12.  Oiffarant  typaa  of  antanna  laada 

13.  Multi  sagmant  antannas 

14.  Burglar  Alarm 

15.  T.V.  Momtora 

It.  R.F.  Modulator  lor  drtving  a T.V.  SaL 
*Oallvary  la  typicafly  30  days 
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REFUECTOR 
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REMOTELY 
CONTROLLED 
STEERABLE 
GROUND  MOUNT  4 

GHxl 
RF 
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REMOTE 

CONTROL 
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I 
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OR 
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Tip#  oI  Mkiw«v«  GcncnT*  •ystrau  m shown  bt  th«  abovt  block  dbsranis.  Tn*y  ant  buMC  poraonal  earth  stationa 
with  a 4>  or  S>  meter  antenna. 


Figure  6-14 
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6.2.2  T\^RO  Earth  Terminal  at  UHF  - EKBAN  USSR  (Table  6- 14) 

In  the  UHF  EKRAN/STATSIONAR-T  system  in  the  USSR,  the  first  class  receiving 
system  antenna  is  of  the  Yagi  type  made  of  thirty- two  3.5  m curtains.  An  active 
element,  i.e.,  an  exciter  for  each  curtain  is  a short  section  of  cylindrical 
helix  fed  by  a coaxial  cable.  The  reflector  contains  four  linear  elements 
which  are  fastened  at  the  ends  of  a crossed  structure  in  such  a way  that  each 
of  these  elements  forms  the  letter  T with  the  mount.  Ti.  :y  crossing  directors 
are  made  of  triangular  pairs  jointed  together  on  a carrying  tube  jib.  To 
facilitate  the  transportation  the  curtain  jib  may  be  disengaged  approximately 
in  the  middle  of  its  length. 

All  active  and  passive  current  carrying  curtain  elements  are  made  of  an 
aluminum  alloy.  Antenna  structure  permits  step  and  smooth  antenna  changes  along 
the  angle  of  elevation  between  0°  and  70*^  as  well  as  a non-operative  azimuthal 
crientation  within  +180°  and  semi-operative  orientation  within  +7°  relative  to 
any  direction  chosen.  The  support  of  the  antenna  is  a meshed  mast  a 800  x 800mm 
square  and  is  assembled  of  3m  individual  sections.  Depending  on  the  section 
number  the  mean  height  of  the  antenna  structure  can  be  6m,  9m,  12m  and  15m. 
Figure  6-15  shows  the  general  view  of  the  antenna. 

The  first  class  receiving  installation  contains  two  identical  FM  receivers, 
one  of  which  is  operating  and  the  other  is  back-up,  the  power  to  each  being 
supplied  from  a separate  12.6V  rectifier.  A low-noise  transistorized  amplifier 
with  the  noise  temperature  of  450K  and  the  gain  of  18  dB  is  put  at  the  input 
of  each  receiver. 

Tunnel  diodes  and  a local  crystal  oscillator  are  used  in  the  frequency 
converter.  The  signal  is  basically  amplified  in  a 70  MHz  IF  amplifier.  Follow- 
ing the  frequency  detector  a video  signal  is  amplified  to  the  IV  standard  in  a 
video  amplifier  while  the  6.5  MHz  subcarrier  signal  is  demodulated  in  a separate 
unit  which  produces  a sound  signal  at  its  output 
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TABLE  6-14 
EKRAN  - STATSIONAR-T 
Receive  Terminals 


Large  Community* 
Rece ivers 

Small  Community* 
Receivers  or  Cable  TV 

0 Frequency* 

702-726  MHz 

702-726  MHz 

0 FM  deviation 

+9  MHz 

+9  MHz 

0 Type  antenna 

8-30  element  YAGI 

4-30  element  YAGI 

0 Antenna  Gain 

30  dB 

23  dB 

0 Feeder  loss 

1 dB 

1 dB 

0 Noise  temperature  of 
Transistor  Amplifier 

800^K 

800^K 

0 S/N  Video 

55  dB 

48  dB 

0 S/N  Audio 

56  dB 

49  dB 

* For  local  rebroadcast  at  50  MHz  vestigial  sideband  for  video 
using  SECAM  (audio  AM). 
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The  first  class  installation  is  designed  to  be  connected  with  a local  TV 
center  or  a high  power  repeater  which  has  video  and  sound  modulators  and  accord- 
ingly the  receiver  has  two  outputs  - for  a video  and  a sound  signal.  The 
receiver  is  put  in  a rack  with  the  dimensions  340  x 700  x 1390  mm,  its  mass 
is  about  60  Kg. 

The  second  class  receiver  antenna  is  a cophased  array  made  of  the  same  four 
Yagi  elements  as  for  the  first  class  receiver.  The  curtains  are  in  two  stories, 
by  two  curtains  in  each,  in  such  a manner  that  the  curtain  axes  in  the  cross- 
section  perpendicular  to  the  main  antenna,  axis  form  the  apexes  of  a square. 

The  distance  of  125  cm  between  curtains  axes  is  taken  in  order  to  achieve  the 
maximum  gain  and  low  side  lobe  levels. 

The  antenna  is  mounted  on  a mast  which  can  be  put  at  the  top  of  a building 
or  singly  (Figure  6-15). 

The  second  class  receiving  installation  is  a simplified  FM  receiver  without 
back-up  which  is  designed  to  convert  a FM  signal  to  a standard  AM-VSB  video 
signal  and  a sound  signal  the  carrier  of  which  is  shifted  to  6.5  MHz  relative 
to  the  video  one.  (Figure  6-16). 

A low-noise  transistor  amplifier  similar  to  that  of  the  first  class  receiver 
is  used  at  the  input.  After  the  frequency  converter  the  signal  is  amplified 
in  a 70  MHz  IF  amplifier  and  demodulated  in  a frequency  detector  and  at  its 
output  a video  signal  and  a FM  6*5  MHz  subcarrier  is  obtained.  A standard  TV 
sigrial  is  formed  in  an  AM  modulator  where  a video  signal  modulates  an  amplitude 
of  a given  carrier  frequency.  The  FM  sound  signal  is  obtained  from  a filter 
with  the  6.5  MHz  central  frequency  and  it  is  fed  to  the  balanced  mixer  together 
with  the  video  signal  from  the  local  oscillator.  At  the  mixer  output  the  FM 
sound  signal  is  extracted  by  the  filter  and  it  is  then  added  to  the  AM  video 
signal.  This  relatively  complex  FM-AM  conversion  is  justified  here  by  the  fact 
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that  with  the  direct  conversion  Ic  is  impossible  to  have  the  standard  modulation 
depth  for  the  terrestrial  broadcasting  (87.57.)  keeping  the  normal  video- to- 
sound  signal  ratios  (10:1).  The  dimensions  of  the  second  class  receiver  are 
165  .'c  240  X 440  mm,  its  mass  is  about  5 Kg.  From  the  receiver  output  the  standard 
television  signal  is  sent  to  a low  power  repeater  or  to  the  distribution  network. 
6.2.3  TVRO  Earth  Terminals  at  S-Band 

The  most  significant  TVRO  earth  terminal  built  at  2.6  GHz  was  the  terminal 
built  for  HET  to  receive  educational  TV  from  ATS-6  in  the  Roc.ky  Mountain  States. 
More  than  150  of  these  terminals  were  built  - with  Prodelin  supplying  a 10-ft 

t 

diameter  plastic  reflector  and  Hewlett  Packard  supplying  the  receiver. 

This  system,  using  the  specifications  listed  in  Table  6-15  provided  a video 
S/N  of  50  dB  and  up  to  4 audio  suocarriers  using  wideband  frequency  modulation 
(20  MHz  p-p) . 

The  Hewlett-Packard  receiver  was  unique  in  that  it  was  the  first  user  of 
MIC  techniques  for  TVRO  applications,  and  as  shown  in  Figure  6-17  provided 
discriminator  action  at  the  receive  frequency. 

A block  diagram  of  the  receiver  Eff  circuitry  is  shown  in  Figure  6-17.  It 
consists  of  two  basic  units; 

Antenna  Unit  - A feed-mounted  microelectronic  package  that  combines  the  two 
orthogonal  signals  obtained  from  vertical  and  horizontal  dipoles  in  the 
antenna.  It  has  55  dB  of  gain,  a 300-MHz  bandwidth,  and  a noise  figure  of 
better  than  3.8  dB. 

Indjor  Unit  - Contains  microelectronic  circuits  that  provide  RF  amplification, 
AGC  and  limiting,  and  an  RF  discriminator.  In  addition,  it  houses  the 
channel- select  filter,  video  amplifiers,  audio  subcarrier  demodulators,  and 
power  supply. 
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TABLE  6-15 


Frequency  Range 
Frequency  Modulation 
ATS-6  Effective  EIRP 
Antenna  Diameter 
Antenna  Unit 

Gain 

Noise  Figure 
Indoor  Unit 

Limiter  AGC 
Static  FM  Threshold 
Differential  Gain 
Differential  Phase 
Baseband  Frequency  Response 
Video  S/N 

Number  of  FM  auuio  subcarriers 
Band  for  audio  subcarriers 


2. 5-2. 7 GHz 
20  MHz  p-p 
SO  dBU 
10  feet 

300  MHz 
55  dB 
3.8  dB 

0-40  MHz,  30  dB 
-87  dBm 

47. 

2° 

10  Hz  to  4.2  MHz,  +0.5  dB 
50  dB 
4 

4.64-5.36  MHz 
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FIG.1  • RECEIV£=  SLOCK  DIAGRAM 


FIG.  4 ■ DISCRIMINATOR  FIG  5 ■ COMPLETE  RECEIVER  SYSTEM 


Figure  6-’7.  2.6  GHz  Receiver  used  for  ATS-6/HET 

Experin«nt  (Built  by  Hewlett  Packard) 
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The  characteristics  of  the  TV  Antenna  to  be  used  £or  INSAT  are  included  in 


Table  6-16.  This  antenna  will  be  large  (6.1  oietei'S  in  diameter)  and  will  have  a 
G/T  of  13.4  d&‘^K.  This  antenna  will  also  be  used  for  UKF  reception  of  the  DCP 
system  which  involved  collection  of  deglcal  data  from  many  collection  centers  in 
India. 

Limiting  is  provided  in  this  receiver  by  a very  wideband  (0-40  MHz)  AGC 
loop.  This  limiting  method  not  only  provides  greater  than  30  dB  of  limiting,  but 
it  provides  AGC  and  signal-level  monitoring  functions  as  well.  In  addition,  since 
there  Is  no  signal  clipping  as  in  conventional  limiters,  no  carrier  harmonics 
are  generated  so  there  is  no  need  for  filtering  between  the  limiter  and  dis- 
criminator. This  wideband  feedback  AM  suppression  system  puts  severe  require- 
tiencs  on  loop  time  delay.  Only  by  using  the  compact,  wideband  RF  components 
realizable  with  MIC  technology  is  such  a design  practical. 

6.2.4  lyRO  Earth  TerminatS  at  Ku-Band 

This  part  will  review  briefly  the  various  efforts  which  have  been  directed 
toward  the  construction  and  test  of  TVRO  ter.ninals  in  Canada,  Japan,  Europe, 
and  the  United  States. 

Certainly  the  first  impetus  fct  the  development  of  earth  terminals  to 
operate  with  TV  broadcast  satullites  at  Ku-band  came  about  as  a result  of  the 
highly  successful  operation  of  the  Joint  U. S. -Canadian  CTS  satellite.  Tables 
6-17,  6-18,  list  soiae  of  the  principal  earth  terminals  built  by  both  the  U.S. 
and  Canada  to  test  TV  transmission  from  CTS.  These  terminals  have  diameters 
from  2 feet  to  30  feet  and  provided  facilities  for  both  TVRO  and  Receive /Transmit 
functions.  Table  6-19  describes  in  more  detail  two  of  the  Canadian  receive/ 
transmit  terminals  built  by  RCA  Victor  (now  SPAR). 
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TABLE  6-L6 


S-Band  Downlink  of  INSAT: 

The  characteristics  of  S-band 
below  T 

Center  Frequency 

Polarization 

EIRP 

Required  Ground  Equpt. 
Bandwidth  (RF) 

Data  Bandwidth 
G/T  (SCES) 

Modulation  type 
Modulation 
Frequency  Stability 

DCP  & S-Band  TV  Antenna  for  n^SATi 
Antenna 

Antenna  Mount 

Frequency 

Gain 

Polarization 
Receive  G/T 


Downlink  RF  signals  are  defined 

2575  MHz,  2615  MHz 
LHCP,  Axial  I'^tio  <3.0  dB 
42  dBW  min. 

80  MHz  (nominal) 

36  KHz  (nominal) 

13.4  dB/°K 
FM 

FM  Dev.  17  MHz  pk.  to  pk. 

± 60  KHz  (Long  term) 

6 . IM  dia.  parabolic  chicken 
mesh  reflector 

X - Y 

2555  to  2635  MHz  & 400  MHz 

41.8  dB  at  2.6  GHz  & 22  dB 
at  402.75  MHz 

LHCP,  axl.  ratio  <3  dB 

13.4  dB/°K  at  2.6  GHz 
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TABUE  6-17 


U.S.  CTS  Earth  Terminals 


^Uncooled  paramplif ler. 


OF  PCOrj  QUALITY 
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TABLE  6-18 


CANADIAN  CTS  GROUND  TERMINALS 


Function 

Diameter 

Antenna 

Peak  Gain  Beamwldth 
(clB)  . (°) 

Receiver  Type  and 
Noise  Temperature 
(°K) 

G/T 

(dB/°Kl 

Maximum 

Transmitter  Power 
iwl 

Control  Terminal 

Transmit  and  Receive 
TV  and  Multiplexed 
Voice  Signals 

30 

59 

0.18 

Uiicooled  Paramp 
425 

32.0 

1000 

Remote  Terminals 

TV  Transmission 

10 

50 

0.54 

TDA,  1150 

19.5 

1000 

TV  Reception  and 
Two-Way  Voice 

8 

48 

0.67 

TOA,  1150 

16.5 

1 

Two-Way  Voice 

4 

42 

1.3 

Mixer,  2660 

7.8 

1 

Receive  FM  Sound 
Broadcast 

2 

Equivalent 

35 

2 x4 

Mixer,  2660 

0.8 

-- 
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TABLE  6-  19 

The  CTS  Satellite  TV  Broadcast  Earth  Terminal 
Built  in  Canada  by  RCA  Vlctor/SPAR 


Frequency  Bands  (GH^)  Receive/lransmlt 

11.7-12.4;  14.0-14.5 

Typical  Use 

Roof  top,  transportable  experimental 

Antenna  diameter 

Feet 

2.66 

7 

Meters 

0.812 

2.13 

RF  equipment  mounting 

Box  on  stand 

Antenna  back 
structure 

Tracking 

Manua 1 

Remote  motor 
drive 

Gain  at  Rx 

38.3 

1 

47.0 

(d3)  Tx 

39.5 

48.4 

Antenna  noise  temperature  at  5°K  1 

80 

70 

lO'^K  ! 

55 

50 

G/T  at  5°  ele.  angle  rec.  noise  temp  (dB) 

55°K 

17.0 

26.0 

250°K 

13.1 

22.0 

3 dB  beamwidth  (deg) : Rx 

2.44 

0.66 

Tx 

1.82 

Weight  (lb)  ■ 

130 

720 

Erection  Time 

None 

6 hours 
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During  one  phase  of  the  CIS  experiment,  the  Canadian  Comnunications 
Research  Council  (CRC)  conducted  tests  and  experiments  on  several  small  TVRO 
earth  terminals  manufactured  in  Japan,  England,  and  the  Netherlands,  and  several 
m&'s.  These  results,  conducted  by  CRC's  D.  Halayko  and  R.  Huck  are  listed 
in  Table  6-20. 

With  the  advent  of  ANIK-B,  Canada  is  now  into  a phase  of  testing  TVRO 
terminals  capable  of  operating  with  a satellite  having  less  EIRP  than  CIS. 

Table  6-21  describes  ^ TVRO  system  built  by  SPAR  (Figure  6-18)  which  provides 
a S/N  of  48  dB.  Figure  6-19  shows  the  terminal  used  to  bring  television  to  the 
King  Family  in  Northern  Ontario,  Canada. 

In  the  United  States,  Westinghouse  was  very  active  in  developing  small 
terminals  for  use  with  CTS(for  Teleconferencing)  and  has  recently  established  a 
partnership  with  Domier  (FRG)  for  worldwide  marketing  of  their  developments. 
Table  6-22  lists  the  salient  details  of  the  Westinghouse  terminal  including  a 
transmit  option  which  can  be  used  to  serve  teleconferencing  ar  interactive  TV 
systems. 

The  Japanese  experience  in  developing  small  earth  terminals  for  use  with 
BSE  has  been  described  in  detail  earlier,  and  will  be  discussed  with  respect  to 
LNA.  developments  later  in  this  section.  Figure  6-20  shows  a 90  cm  TVRO  antenna 
system  capable  of  providing  a video  S/N  of  greater  than  45  dB  by  SONY.  Figure 
6-21  shows  the  SONY  MIC  12  GHz  INA./Converter  which  is  the  heart  of  the  SONY 
development.  Table  6-23  lists  the  various  antennas  designed  in  Japan  to  operate 
with  the  Japanese  BSE,  whose  overall  system  is  pictured  in  Figure  6-22. 

Some  of  the  antenna  systems  listed  in  Table  6-23  at  the  0.6  to  1.6  meter 
level  are  manufactured  by  SUMITCWO  Electric  Ltd  (Figure  6-23). 
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TABLE  6-20 


i 


SPAR  (CANADA)  MICRO  EARTH  STATION  - PERFORMANCE  SUMMARY 


Target  Specification  Present  System 


Input  Signal  Frequency 

12  GHz,  FM 

12  GHz,  FM 

Antenna  Input  Signal  Level 

-120  dBm 

-120  dBm 

Receiver  Noise  Figure 

4.5  dB 

5.8  dB 

Video  S/N  at  Demodulator 
Output  (for  a peak-to-peak 
frequency  deviation  of  12  MHz) 

46  dB 

48  dB  - Signal -to- 

Welghted  RMS  Nois  e 

Sensitivity  at  Mixer  Input 

-79.2  dBm 

-80  dBm 

Group  Delay  Variation 

— 

5 ns  over  + 9 MHz  Deviation 
20  ns  over  + 15  MHz  Deviation 

Linearity 

— 

+1  dB  over  + 15  MHz  Deviation 

Receiver  Bandwidth  (IF) 

30  MHz 

30  MHz  (limited  by  BPF) 

Antenna  Diameter 

1.0  M 

1.22  M 

Antenna  RMS  Surface  Accuracy 

0. 5 mm 

0. 15  cm 

G/T 

10  dB 

12  dB 

Output  Signal  Level  to 
TV  Set 

200  iiV/300 
(-48.75  dBm) 

1 vp-p/75^  Baseband 

OR'Gii'iAL 
Of  POOR 
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TABl£  6-21 

Small  TVRO,  Terminals  Tested  at  Canadian  CRC 
(Conanuni  cat  ions  Research  Center) 


Fif  urc  3 

Block  Dtegnm  of  • Tjpicat  TVRO  rmninti 


Country 

Organization 

Antenna  Disrncit  r 

Canada 

CRC 

1 20  cm 

Japan 

Hitachi 

N/A* 

Japan 

Mitsubishi 

N/A* 

Japan 

OKI 

160  cm 

Japan 

Sumitomo 

N/A» 

Japan 

Sony 

N/A*  I 

England 

Mullard 

160cm 

Netherlands 

Philips 

160  cm 

1 

•The  tests  on  these  leiminels  were  conducted  as  bench  tests  only  as  the 
antennas  were  not  available. 


Ground  Terminal  (dB> 

CRC 

OKI 

Mullard 

Philips 

Antenna  Diameter  Metres 

1.2 

1.6 

1.6 

1.6 

Noise  Figure  dB 

S.35 

4.32 

7.50 

8.30 

C'N(caic)dB  . A 

18.6 

22.1 

19.6 

19.1 

i C.  .N(mesi.)dB  . , B 

18.7 

U.9 

’0.7 

17.2 

j SNR.  (calc,  from  A)  dB 

A9  2 

52.6 

50.1 

49.6 

SNR.  (calc.  Irom  8)d8 

49.3 

53.4 

50.9 

47.7 

SNR,  (meat.)  dB 

47.7 

51.9 

50.7 

47.3 

SNR,  (calc  fromA)dB 

53.0 

56.9 

54.3 

53.8 

SNR,  (calc,  from  B)dB 

53.1 

57.7 

55.1 

52.0 

SNR,  (meas.,  dB 

45.3 

56.3 

51  8 

31.8 

Ttble  r, 

Measured  and  Cilcut«lcd  Link  Analyses 


Terminal 

1 

1 

Mrasured  N.F. 

Image  Frequency | 
Centre  Band 

Corrected  N.F. 

Mitsubishi 

5.90  dB 

-l3dB 

6.11  dB 

Sonv 

4.28  dB 

- 8dB 

4.92  JB 

OKI 

4.29dB 

-22  dB 

4.32  dB 

Hitachi 

6.93  dB 

-l8dB 

7.00  dB 

Sumitomo 

5.79  dB 

— 

— 

CRC 

6.38  dB 

-14dB 

6.55  dB 

Note;  The  noise  fi|ur«s  for  the  Philips  and  Mullard  trrininals  could  not 
be  «easur«d  due  to  the  consiruclinn  of  the  outdoor  unit.  Kur  cumptrlsoa, 
aoiae  ntures  for  these  terminals,  taken  from  the  speciluaiions  supplied 
with  the  ground  lemiinals,  are  1.3  and  7.5  dB  respectisrlt. 
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Figure  6-18 

MICRO  EARTH  STATION  FOR  T.V.  RECEPTION  OF 
DIRECT  BROADCASTING  VIA  SATELLITE. 
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to  officially  racaivo  TV  progfatning  on  a regular  basia. 

Figure  6-19 


mBLE  6-22 


Westlnghouse  TV  Broadcast  Terminal  (US) 


TVRO  Option 

Receiver  Band 

Ancenna  Diasieter 

Antenna  Gain 

Polarization 

LNA  Noise  Figure 

First  Intermediate  Frequency 

Multi-channel  Option 

Second  Intermediate  Freq^aency 

Video  Options 

Video  Output  Level 

Differential  Gain 
Differential  Phase 

Signal/Noise  Ratio,  Luminance  Weighted 


Sound  Sub-Carrier  Freq^jencies 
Reraodulation  Option 

Transmit  Option; 

Transmit  Band 
Output  Power 
Linear  Operation 

Flat  Frequency  Response 


11.2- 12.2  GHz 
2 HMSters 
45.3  dB 
Circular 

3.9  dB 

1.2- 2. 2 GHz 

5 channels  at  first  IF 
70  MHz 

625  Une/50  Hz  SECAM 
625  Line/50  Hz  PAL 
525  Line/60  Hz/NTSC 

1 V pp  (+3  dB  adjustable) 
in  75  ohms 


+57. 

+57. 

45  dB  at  14  dB  C.N. 

(with  13.3  MHz  p.p.  de- 
viation at  frequency  of 
zero  emphasis 

5.5  MHz  and  6.0  MHz 

Any  VHF  or  UHF  carrier  freq. 
Output  to  75  ohm  line 


14-14.5  GHz 

Max.  0.8  Watt 

l.M.  S -18  dBc  for  2 equal 
outputs  each  of  400 

+0.25  dB/36  MHz 
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TYPMOON*PBOOft  Rigid  inttnna  stands  ar»  naadod  m Japan  to 
withstand  60-mi/h  winds,  '"-i  tront-and  is  locatad  at  the  focal 
point  of  this  antanna  for  tna  Sony  SCX  380  satallita  TV 
raeaivar. 

Figure  6-20 


Sony  s nyond  MIC  lor  converting  12-GHi  TV 
Irom  sataiiitas  to  a 290-*7I>-MHz  iF  uses  a GaAs  Fat  praamplifiar 
and  LO  with  GaAs  Fat  and  dietactnc  resonator  It  may  also  soon 
use  a dual-gate  GaAs  Fat  m place  ol  its  present  diode  mixer 


Noise  figure  is  3 S dB 

Figure  6-21 
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Earth  Terminals  used  with  the  Japanese  BSE 


Ground  Station 

Antenna 

Diameter 

G/T 

1 TV  Channel  Capacity  1 

Transmission 

Power 



TX 

RX 

Main  Transmission  & 
Reception  Station 

13m 

32  dB 

2 ch 

2 ch 

Maximum  2 KW 

Transportable 
Transmission  & 
Reception  Station 

4.5m 

23  dB[ 

1 ch 

2 ch 

Maximum  2 KW 

2.5m 

18  dB 

1 ch 

2 ch 

Maximum  2 KW 

TVRO  Stations 

4.5m 

24  dB 

i 

2 ch 

- 

2.5m 

19  dB 

1 

2 ch 

- 

Small  Receiving 
TVRO 

1.6m 

I 

■ 

- 

2 ch 

- 

Miniature  TVRO 

90cm 

mm 

nn 

- 

1 ch 

- 
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Figure  6-22 
Japan  BSE  System 


Quality 


Nos  o)  ch»nn«)  Mo<le(  SR  1101 

Modt)  SR  1102 

Input  t*vfl  


Modulation  of  Output  signals  Video 
Audio 

Output  Frequency 

Output  Level 

Weignt'  .HF  converter 

FM  AM  converter 

Po«ver  Source 


117-12  2GMI 


AM  FM 
FM  FM 


Ich 

2ch(25MHz  Separation) 
- 60 85  dBm 


AM 

_nyi 

VHF  Tv  channel 
To  dfu'v^ch  at7  5Q 
'2  5kg 

3 5kg 

50  60Hr  lOOljSv 


Features  of  PRETCHER  AMTENNA  

j . Hameitr  Neglit  r'eflvfftc?  Sind  Gim  Hitt  P«»«r  F B *’oiafitil8« 

, “ '>'=«'  ' ,n)  k {) (dS;  ^ eotk  (dB). 

'lirC'Ol^'O  6 '■*  '4  5 117-122  <0  Lneir 

UTyiOT  1 0 7 0 11  7- iy2~T9'T  mtir 

T»Tj!BP  ' 16'  To  o 11  7 - 12  2 '43  9'  T^e'  ' 60'  Lntir 


The  Suffllcomo  T^TO 
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6.2.5  Recelve/Transmlt  Terminals  at  Ku-Band 

As  described  in  Che  preceding  paragraphs,  Receive /Transmit  terminals  for 
use  with  CTS  have  been  built  and  tested  in  both  Canada  and  the  U.S.  The 
Westin??house  terminal  with  its  transmit  option  is  of  particular  interest  since 
it  requires  only  1 watt  of  transmitter  power  at  14  GHz  - which  is  now  easily 
obtained  w-  j soUd  state  FET's  at  the  frequency.  The  Canadian  CTS  Transmit/ 
Receive  use  14  GHz,  20  watt  Tt^  poi^er  amplifiers  purchased  from  Hughes  Electric 
Dynamics  Division  with  significant  success. 

Many  receive/transmit  terminals  were  built  for  use  with  the  ■''arious  CIS 
User  Experiments  (see  CTS  Reference  Book,  CTS  File  No.  3100-28  10/15/1975).  Of 
interest  to  this  study  was  the  NASA-Lewis  1-meter  ground  terminal  to  provide  a 
single  telephone  channel,  and  using  a G/T  of  5.2  and  an  EIRP  of  48  dBW.  Another 
user  experiment  was  conducted  by  Niel  Helm  of  COMSAT  Labs  using  the  1.3  meter 
terminal  (receive/ transmit)  for  testing  the  establishment  of  energency  ccrumu- 
nications  in  disaster  areas  using  duplex  voice. 

The  list  of  interactive  experience  is  actually  very  broad  with  one-way 
video  with  audio  interactive  used  by  Lister  Hill  National  Center  (HEW)  and  WAMI. 
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■ 1-Mitw -terminal  Slock  diagram. 


Figure  6-24.  NASA-Lewis  Receive/Transmit  1-Mteter 
Terminal  for  two-way  Voice. 
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6 . 3 Technology  of  Small  TVRO  Earth  Terminals 


This  section  will  discuss  the  most  critical  aspect  of  TVRO  earth  teminals 
which  make  such  terminals  possible  on  both  a technical  and  an  economic  basis. 

The  overall  technology  of  thv,  TVRO  earth  terminal  at  UHF,  S-band,  and  Ku- 
band  is  based  on  several  subsystem  technologies  which  Include: 

o The  antenna  which  provides  the  primary  source  of  "aperture  gain", 
o The  low  noise  ampl:.fier  - where  noise  temperature  with  antenna 
determines  the  terminal  G/T. 
o The  TVRO  receiver  which  ii.cmues: 

- the  down-converter 

- the  tuner 

- the  AGC/AFC  system 
the  IF  amplifier 

the  video  demodulation 
the  audio  demodulation 

- the  video  signal  processor 

- the  remodulation  for  access  to  a channel  of  a standard  TV  set 
Figures  6-26  through  6-31  provide  block  diagrams  which  include  these  sub- 
systems. The  antenna  and  I21A  provide  the  TVRO  terminal  sensitivity  - leading 

to  the  desired  S/N.  The  down-converter  and  tuner  translate  a particular  frequency 
band  of  the  received  signal  to  the  demodulator  where  the  video  and  audio  signals 
included  in  the  modulated  carrier  in  that  particular  band  can  be  processed. 

The  receiver  can  be  of  the  phase-locked  loop  or  discriminator  variety  and 
will  be  a determining  factor  in  system  sensitivity  in  addition  to  the  role  of 
G/T. 

The  threshold  of  a receiver  is  considered  to  be  the  point  at  which  a change 
begins  in  the  relationship  between  input  carrier- to-noise  and  output  signal-to- 
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Figure  6- 27 

SYSTEM  BLOCK  DIAGRAM  OF 

antenna  unit  and  indoor  unit 
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Figure  6-  28  Peceiver  Block  Diagram. 
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Figure  6-^9  Model  414  Video  Receiver  Block  Diagram. 
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noise.  It  is  the  point  beyond  which  a very  small  decrease  in  carrier  power  at 
the  receiver  input  results  in  a large  increase  in  noise  at  the  output.  The  object 
in  satellite  reception  is  to  achieve  the  lowest  possible  receiver  threshold. 

This  is  done  by  selecting  active  components  for  the  input  amplification  of  the 
receiver  which  produces  the  least  amount  of  noise,  while  maintaining  the  least 
amount  of  bandwidth  necessary  to  reprodure  the  incoming  signal  with  minimum 
mutilation.  9S  percent  of  the  incoming  power  should  pass  through  to  the  output 
of  the  receiver  in  order  to  avoid  mutilation  of  the  signal  portion  which  includes 
the  audio  sub-carriers.  Therefore,  there  is  a limitation  imposed  upon  minimum 
allowable  bandwidth.  33  MHz  is  a minimum  acceptable  bandwidth  for  accurately 
reproducing  the  incoming  signal.  Bandwidths  of  less  than  33  MHz  will  likely 
cause  mutilation  of  the  signal  and  therefore  can  be  viewed  as  a trade-off  between 
performance  in  the  reproduction  of  the  signal  and  the  placement  of  receiver  thre- 
shold. In  most  satellite  receivers,  threshold  occurs  at  a carrier-to-noise  ratio 
of  11  dB. 

In  the  threshold  extension  technique,  manufacturers  have  moved  the  receiver 
threshold  point  from  11  dB  carrier-to-noise  down  to  8 dB  or  less.  If  receiver 
threshold  was  successfully  improved  by  3 dB,  one  would  achieve  approximately  the 
same  result  as  if  the  antenna  size  was  increased  by  50  percent. 

There  are  three  things  that  can  be  done  to  lower  the  receiver  threshold: 

1)  use  lower  noise  components  in  the  active  devices  at  the  input  to  the  receiver; 

2)  decrease  the  bandwidth  of  the  receiver  at  the  possible  expense  of  mutilating 

the  signal:  3)  use  a phaselock  loop  or  frequency  compression  feedback  scheme 

which  has  the  effect  of  reducing  de/iation  and  acts  like  an  IF  band- limiting  filter, 
except  that  mutilation  of  Che  signal  does  not  occur  if  it  is  done  right.  The 
bandwidth  limiting  scheme  has  been  used  by  some  manufacturers  as  a method  of 
threshold  extension.  This  method  works  to  some  extent,  until  the  satellite 
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carrier  starts  "loading  up"  his  transponder,  that  is,  adds  additional  subcarriers 
to  better  utilize  the  space  he  has  rented.  If  the  bandwidth  on  a satellite 
transponder  is  fully  occupied,  "threshold  extension"  by  bandwidth  limiting 
yields  exactly  the  opposite  of  its  intended  effect. 

The  TVRO  receiver  must  also  account  for  the  triangulation  of  the  noise 
spectrum  which  occurs  during  the  FM  demodulation  process.  This  causes  the  noise 
spectrum  to  Increase  in  level  with  an  Increase  in  modulating  frequency.  This 
resutls  in  a decreasing  signs 1-to-noise  ratio  at  increasing  baseband  frequency. 

To  overcome  this  effect,  a de- emphasizing  network  is  utilized  in  the  receiver 
and  a matching  pre-emphasizing  network  in  the  transmitter.  Pre-emphasis  shapes 
the  frequency  response  of  the  video  signal  and  causes  the  highest  frequency 
component  of  the  video  signal  to  be  13.2  dB  (voltage  ratio  of  4.6)  higher  than 
lowest  frequency  component.  Figure  6-31  shows  a pre- emphasized  multiburst.  The 
weighted  S/N  improvement  of  a pre-emphasized  video  signal  over  a flat  video  signal 
is  approximately  2.5  dB  for  525  line  transmission.  Another  factor  of  pre- 
emphasis used  in  video  transmission  is  the  improvement  in  color  information  by 
the  reduction  in  distortion  of  the  chrominance  signal  by  the  luminance  signal. 

By  reducing  the  relative  level  of  the  luminance  signal  to  the  chrominance  signal 
the  amount  of  chrominance- to- luminance  distortion  caused  by  non-linearities  in 
the  system  is  reduced. 

6.3.1  .\ntenna  Technology 

The  antenna  technology  for  TVRO  terminals  has  started  to  mature  toward  using 
low  cost  techniques  as  a result  of  the  growing  demand  for  antennas  of  all  types 
to  provide  TVRO  reception  at  4 GHz  in  the  U. S.  which  will  boast  of  a number  of 
terminals  at  the  end  of  1980  which  will  greatly  exceed  3000.  Actually,  quantity 
lots  of  TVRO  antennas  are  not  new.  The  Russian  EKRAN  system  now  uses  in  excess 
of  3000  UHF  TV'RO  terminals  in  Siberia  for  community  reception,  and  India  built 
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2400  S-band  earth  terminals  to  operate  with  ATS-6  in  1976  and  will  no  doubt 
use  these  antennas  with  INSAT  once  that  satellite  is  operational. 

The  TVRO  earth  terminal  antenna  business  can  be  served  by  YA.GI  antennas  at 
UHF  now  using  very  mature  manufacturing  technologies  to  make  actually  hundreds 
of  millions  of  antennas  for  use  in  all  parts  of  the  world  (and  still  expensive 
at  the  $60-200  range').  At  S-band  and  Ku-band,  the  TVRO  antenna  business  can  be 
served  by  the  growing  maturity  of  small  (1-10  foot)  antenna  reflectors  deriving 
manufacturing  techniques  from  quantity  procurements  made  for  terrestrial  radio 
systems  and  from  the  growing  TVRO  requirements  brought  about  by  Cable  TV  and 
industrial/military  satellite  users. 

Today,  two  of  the  most  respected  antenna  manufacturers,  Prodlin  and  Andrew, 
offer  p'-rabolic  antennas  in  th''.  2 to  10  foot  range  at  very  low  prices.  These 
sizes  and  prices  (which  will  be  discussed  In  the  next  section)  are  listed  as 


follows; 

Andrew 

Prodelin 

CFU.  6-32) 

Size  (ft) 

Model 

Cost  (S') 

Size  (ft) 

Model 

(Cost($) 

2 

241-740 

375 

- 

-- 

- 

4 

202-740 

485 

4 

P4-122C 

480 

6 

203-750 

590 

6 

P6-122C 

590 

3 

204-740 

850 

8 

P8-122C 

980 

10 

205-740 

1400 

10 

P10-122C 

1580 

6 (spec')  45-140 

Tilt 

Mount 

Figure  6-33  provides  a 

285 

120/140 

curve  of  antenna 

Mount 

(with  mount)  cost  versus 

260/140 

size  for  antenna 

diameters  from  5 to  32  feet  and  for  quantities  from  10  to  150.  The  companies 
accessed  were  RSI,  Prodelin  and  Andrew.  The  curves  show  that  as  antennas  increase 
in  size  beyond  10-12  feet  in  diameter,  the  cost  of  structure  becomes  an  increasing- 
ly large  and  critical  part  of  overall  cost. 
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6 FT.  DIAMETER 
(1  83  METERS) 
TRANSMIT/RECEIVE 

10  FT.  DIAMETER 
(3  METERS) 
TRANSMIT/RECEIVE 

15  FT.  DIAMETER 
(4  57  METERS) 
TRANSMIT/RECEIVE 

Frequency.  GHz 

Dual 

Dual 

Dual 

Receive 

116  - 12.2 

11  6 - 12.2 

11  6 - 12.2 

Transmit 

Gam.  dBi, 

14.0  • 14  3 

14.0  - 14  3 

# 

14.0  - 14.3 

Midband 

R-wdive 

44  6 

488 

52.0 

Transmit 

46.0 

50.0 

536 

VSWR,  Max 

Receive 

111 

1.1  1 

111 

Transmit 

1.2:1 

1.1:1 

111 

HPBW,  Degrees 
Midband.  E plane 

034 

Receive 

085 

0.51 

Transmit 

1.0 

0 6 

04 

Power  Rating.  Average 

1 25  Kw 

Transmit 

1 25  Kw 

1 25  Kw 

1 Polarization 

Linear,  Orthogonal 

Linear.  Orthogonal 

Linear,  Onhogonal 

Figure  6“32.  Prodelin  Antennas 


0 


-423- 


OR.GINAL  PAGE  IS 
QP  POOR  QUALITY 


*0i«*O 

70.*eo 

70,**O 

60t$m 

^0,000 

/^vr^Ay//?  Qjsr 

• ^ 

44**0 

1/5  size 

f 

/5/ 

/AXLOlPff^^ 

^AAftPei^oJS  MOTOAh 

2aoo* 

✓ , 

AnO 

PtU6^fi*y 

19,000 

9ooo 

■'''  fiiJ  j 

r * Oe)  ^ ^ fioo 

f?si  ]i.(t>'\  y iMvaraM 

•*'«'  (/  ,(iti 

co^r  I / 

# K ; j 


l6m/ 


2m» 


I 


/ 


FfO&£l//^ 


Ino 

Sm 


7*» 

Km 


f 

i 


4*0 

300  ri6>Hi 


FIGURE  6-33 


2»c 


loo 


Cflsr  fH 
> tCiOoo  s^vAAivn 
^/t^aAjese  /zMtjY 
^£Ct/{/e  0^  5-^/7 


/O 


Fe^7“ 

3c 


55" 


Thus  parabolic  antennas  in  the  2-10  ft  range  which  will  serve  the  S-band 
and  Ku-band  requirements  of  this  study  will  use  maturing  manufacturing  technology 
and  it  can  be  expected  that  these  costs  will  significantly  reduce  with  quantities 
in  the  100,000  Lo  10  million  units,  as  will  be  discussed  in  the  next  section. 

Two  other  aspects  of  antennas  will  be  discussed  in  this  part;  the  use  of 
array  techniques  for  S-band  and  Ku-band,  and  the  techniques  of  side  lobe  reduction 
at  Ku-band  with  both  reflector  and  array  systems. 

6.3. 1.1  Antenna  Technology  at  4 GHz 

The  technology  of  4 GHz  antennas,  which  has  led  to  a family  of  low  cost 
2-10  ft  parabolic  antennas  *8  described  in  the  preceding  paragraph,  sett  the 
stage  for  1-aetwr  antennas  required  for  Ku-band  and  for  5-10  ft  antennas  required 

for  cotmnunity  TVRO  receivers  at  S-band. 

One  fall-out  of  the  5-10  ft  antenna  dish  developraent  in  the  United  States 
is  the  development  of  assembly  and  material  techniques  which  make  such  antennas 
easily  transportable  and  erectable 

Figure  6~34  shows  how  a Microwave  General  5-mecer  dish  is  shipped  in 
three  sections  for  assembly  at  final  destination.  Other  techniques  include  an 
unfur lab le  10-ft  antenna  which  was  demonstrated  at  STP-80  held  in  July  1930  at 
the  Hyatt  House  in  San  Jose,  California,  and  other  tachniq’ies  including  metalizcd 
fabric  on  thin  metal  panels  stretched  over  a simple  parabolic  dish  frame. 

For  the  large  antenna  systems,  the  refl'tor  cost  is  becoming  less  important 
than  mount  and  support  structures  - particularly  if  such  an  antenna  is  to  survive 
in  a cold/r&iny/windy/icy  environment.  However,  these  factors  become  less 
important  - in  fact  virtually  disappear,  in  the  1-meter  TVRO  antenna  art. 

6 . 3 . 1 . 2 Antenna  Technology  at  UHF 

At  the  ultra-high  frequencies,  and  in  particular  at  0.7  ^Hz,  antenna 
aperture  gain  is  still  easily  achieved  with  a parabolic  antenna  for  a G/T  - 0 
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where  around  25-27  dB  of  gain  is  required.  A 12-ft  parabolic  dish  with  507. 
efficiency  will  provide  26  dB  of  gain  which  will  easily  serve  this  particular 
value  of  G/T.  Thus  the  present  lew  cost  2-10  foot  antenna  dish  availability 
is  readily  applicable  to  the  UHF  TVRO  earth  terminal  art. 

Table  6-24  lists  the  various  candidate  UHF  antennas  which  can  provide 
the  nearly  24-25  dB  of  gain  necessary  to  develop  a G/T  of  0 dB  v/ith  a low  noise 
receiver  w’th  a nc  'e  figure  of  around  2-3  dB  which  is  easily  achieved  at  UHF. 
Parabolic  rntennas  ari  vtry  large  and  therefore  relatively  expensive  and  not 
really  a first  clasr  candidate  for  the  services.  On  the  other  hand,  the  YAGI 
and  helical  antennas  have  a long  history  of  application  in  this  frequency  range. 

The  YAGI-UUA  antenna  is  the  world’s  most  widely  used  TV  antenna,  and  helical 
antennas  are  used  on  many  satellites  and  many  NASA  and  military  UHF  earth  termi- 
nals. The  YAGI  is  now  used  in  the  USSR  for  the  716  MHz  earth  terminal  to 
STATSI0Ii\R-T  and  although  one  YAGI  antenna  has  been  built  which  achieved  26  dB 
gain*  at  400  MHz,  it  was  sc  long  (80  wavelengths)  as  to  be  structurally  and 
economically  non-viable.  Actually,  if  the  UHF  broadcast  satellite  could  be  in- 
creased by  10  dB,  then  the  same  YAGI-UDA  single  antenna  with  15  dB  gain  (Figure 
6-35)  and  narrow-banded  for  reception  from  the  satellite  could  be  used  effective- 
ly and  ver>*  economically.  Although, even  in  1980,  a YACI  antenna  for  conmercial 
TV  reception  can  cost  up  to  $200.  Thus,  the  cost  and  size  of  aperture  at  UHF 
will  be  relatively  high  relative  to  S-band  and  Ku-band  despite  cheaper  receiver 
costs  derived  directly  from  comnercial  UHF  TV  receivers. 


* P.C.  Goldmark  and  J.  Hollywood,  "Antennas  for  improved  hf  point-to-point 
reception",  CBS  Laboratories  Project  210,  1963. 
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TABLE  6-24 

UHF  TVRO  Antenna  Techniques 


Candidate  Technology  Description/ Heritage 

1 Usage 

Prime  focus  parabolic 
or  Torus  antennas 

1 

1 

Frame  parabolic  dish 
with  mesh  surface  and 
prime  focus  dipole  feed 

1 

1 

Military  Communications 
and  radar 

Array  of  Yagi  Antennas 
with  LNA  at  each  Yagi 

Yagis  in  an  array 

Yagi  arrays  used  in 
USSR  EDRAN  system  at 
716  MHz  to  provide 
25  dB  gain 

Array  of  antennafiers 
(Iotv  noise  transistor 
integrated  with  dipole 
e lement) 

Simple  antennafiers  now 
in  use.  Requires  devel. 
use  transistor  gain 
as  partial  substitute 
for  aperture  in  large 
array 

Used  for  color  TV  sets 
as  simple  antenna/low 
noise  transistor  com- 
bination 

Helical  Antennas 

1 

Used  with  MARISAT, 
OSCAR,  FLEETSAT. 

\urY 


Figiare  6-35 

Yagi  antenna  design 
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11.35 
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11.41 

10  73 

Saiamont  (1.2X) 

12.35 

13.90 

12.64 

11  80 

12  alamant  12.2X1 

1440 

15.28 

14.28 

14.04 
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15.47 
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The  helical  antenna  is  a candidate  for  a UHF  array,  although  its  cost  and 
size  will  be  large;  it  is  of  interest  that  helical  antennas  have  been  used  to 
comnunicate  with  the  amateur  satellite  OSCAR. 

Attention  is  called  to  the  very  wide  variety  of  UHF  antennas  which  have 
been  derived  from  araeteur  radio  and  commercial  radio  communications;  an  excellent 
listing  is  provided  by  the  magazine  RF  DESIGN  in  February  1980,  which  includes 
a description  of: 

o Traveling  Wave  Antennas 

• Yagi  - Uda  antennas 

- back  fire 

- quad  or  closed  loop  array 

- quad  - YAGI 

- helical 

- birdcage 

o Long  wire  antennas 
o Vee  antennas 
o Rhombics 

6.3. 1.3  Antenna  Technology  at  S-Band 

Antenna  technology  at  S-band  is  fairly  mature.  The  wide-spread  use  of 
10  meter  antennas  for  the  CTS  and  ATS-6  experiments  involving  production  quanr 
cities  have  lead  to  the  availability  and  prices  described  earlier  with  respect 
to  4 GHz  TVRO  systems  and  antennas;  and  antenna  design  has  been  further  advanced 
toward  meeting  the  32-25  Log  0 side  lobe  requirements  of  the  CCIR  and  FCC;  see, 
for  example,  the  Prodelln  antenna  described  in  Figure  6-36. 


..  — « 

A.  Bridges,  "Really  ZAP  OSCAR  with  this  Helical",  73  Magazine,  P.5a,  July  1975. 
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and  MASAR  Reflector,  meets  all 
FCC  regulations,  including  Part 
25,  Paragraph  209 


FIGURE  6-36 


Table  6-25  lists  Che  applicable  antenna  techniques  for  satisfying  S-band 
TVRO  requirements  where  25-32  dB  of  antenna  gain  is  required  for  G/T  ■ 0 and 
G/T  * 10  applications.  Note  that  both  parabolic  antenna  and  phased  arrays  use 
lower  gain  elements. 

Antenna  gain  in  the  25-32  dB  range  at  2.6  dB  is  provided  by  parabolic 
antennas  with  sizes  from  1 meter  (25  dB  gain)  to  2 meters  (32  dB  gain)  and  are 
readily  available  from  many  manufacturers  who  are  already  manufacturing  and 
selling  at  the  rate  of  T <0  antennas  per  month  into  the  rapidly  growing  4 GHz 
TVRO  business  in  the  United  States. 

Other  types  of  S-band  antennas  using  arrays  of  printed  circuit  elements 
or  helical  antennas,  are  being  developed  as  a result  of  world-wide  interest  in 
the  l^RISAT  (and  IMMARSAT)  system  for  maritime  communications  at  1.6  GHz.  This 
system  requires  lower  gain  antennas  (15-17  dB)  and  many  types  of  antennas  are 
used  (parabolic  or  phased  arrays)  or  have  been  considered. 

Figure  6-37  shows  a CHADIANT  phased  array  antenna  developed  in  Sweden*  for 
MARISAT.  This  antenna  uses  an  8 x 8 element  array  (64  elements)  where  each 
element  consists  of  a circular  slot  backed  by  a cylindrical  cavity  and  a hybrid 
circuit.  Each  element  has  a directivity  of  7 dB  at  1.6  GHz.  This  antenna  had 
a gain  of  approximately  20  dB  at  1.6  GHz,  a 3 dB  beamwidth  of  15  and  a first 
sidelobe  suppression  of  around  20  dB. 

An  extensive  study  of  single-beam  antenna  types  was  made  a decade  ago  by 
B.  Mendoza  of  AMI  for  the  U.S.  Coast  Guard  in  anticipation  of  M^RISAT,  and  Tables 
6-26  and  6-27  list  some  of  the  antenna  altentatives  considered.  Note  that 
according  to  Table  6-26,  the  parabolic  antenna  was  considered  simplest  and  most 
inexpens  ive . 


*F.  Bolinder,  "Phased  Array  Antennas  for  Marisat  Coimnunications" , Microwave 
Journal,  Dec.  1978. 
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TA3LE  6-25 

2-54  GHz  TVRO  Antenna  Techniques 


Candidate  Technology 

Description 

Usage 

Prime  focus  solid  surface 
parabolic  antenna 

3 meter  dish,  plastic 
made  by  Prodelin 

ATS-6  HET  Experiment 

France  parabolic  antenna 
using  mesh  wire  surface 

Use  of  mesh  surface 
effective  at  S-band 

Used  in  military  and 
NASA  systems 

Phased  array  of  printed 
circuit  elements 

Using  flat  helical 
elements 

Developed  in  Scandi- 
navia for  use  in 
1.6  GHz  MARISAT  system 

Phased  array  of  helical 
antennas 

Using  traveling  wave 
techniques  using  long 
helical 

Now  used  in  MDS  trans- 
missions 
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Fig  1 CHALMANT,  front  view. 


Fig.  2 CHALMANT,  reer  view. 


Figure  6-37.  Phased  Array  Antenna  for  MA.RISAT  Coramunications 


TABIZ  6-26 

Preferred  S-Band  Antenna  Tvpea  for  Marlsat 


Gain  Range 

Antenna  Type 

Remarks 

3-6  dB 

Turnstile  on  Ground  Plane 

Small  and  simple,  curved  for 
improved  axial  ratios 

7-10  dB 

Helix  or  Horn 

Both  inexpensive,  horn  better 
for  tracking 

11-15  dB 

Short  Backfire 

Very  efficient,  simple,  fair 
tracking 

16-18  dB 

Parabola 

Simple  and  inexpensive  at  the 
higher  gains 
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SPECIFICATIONS  model  L-2U1  model  L- 2115 


The  Lindsay  2100  Series  antennas  are  designed  to 
provide  good  gain  and  directivity  patterns. 

The  antenna  features  a complete  weather  sealed  feed 
point  and  is  designed  in  such  a manrwr  that  a director 
system  can  be  plugged  in  to  increase  the  gain  if  so 
desired. 

The  antenna  mounting  clamp  will  take  up  to  l^O.D. 
mast  and  allows  for  a vertical  or  horizontal  mount  with 
up  to  a 15  degree  elevation  adjustment. 


Fr^uency 

Gain 

VSWR 

Beamwidth 

F/B  Ratio 

Polarization 

Input  Connector .... 

Antenna  Weight 

Antenna  Size 

Adjustable  antenna 


2150  - 2162  MHz 

11.5  dBi 15  dBi 

1.4 1.4 

44  degrees 22  degrees 

20  dB 20  dB 

Horizontal  or  Vertical 

N- Female 

18  oz 2 lb. 

ri4^”x6" 3"x4^”x30' 

mount  will  take  up  to  IV’O.D.  mast. 


4 

Figure  6-38.  End  Fire  Antenna 
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Figure  6-38  describes  the  Lindsay  End  Fire  Antenna  used  for  S-band  MDS 
Cotinnunications  with  a gain  of  11-15  dBi 
6.3. 1.4  Ant:nna  Technclogy  at  12  GHz 

This  part  will  address  the  technology  of  antennas  providing  notninally 
one-meter  aperture  at  12  GHz. 

The  antenna  technologies  to  be  discussed  in  this  part  are  the  basis  of  what 
could  become  one  of  the  most  mass  produced  microwave  ^raducts  in  the  world.  It 
is  expected  that  there  will  be  no  definitive  technique  that  will  serve  this  appli- 
cation. This  part  will  show  that  several  candidate  antenna  techniques  such  as 
parabolic  antennas  and  phased  arrays  are  available  to  provide  this  one  square 
tMter  aperture;  while  there  is  a significant  cost  difrerential  between  these 
various  techniques  at  low  vol’ime  Mnufacture , at  quantities  from  100,000  to 
10  million,  the  relative  costs  differential  will  be  insignificant  (see  next 
section)  and  final  costs  differential  will  more  likely  be  determined  by  differ- 
ences in  handling,  packing,  and  shipping  costs,  and  in  the  costs  and  complexity 
of  the  mount  system. 

The  candidate  antenna  and  feed  techniques  for  a 1-meter  (nominal)  12  GHz 
TVRO  antenna  are  listed  in  Table  6-28.  The  antenna  techniques  include  both  center- 
fed  and  offset- fed  parabolic  antennas,  slotted  waveguide  arrays,  and  printed 
circuit  arrays.  The  feeds  include  standard  horn  feeds  (with  various  radiation 
pattern  tapers),  the  innovated  Kumar*  feed  and  crossed  dipole  feeds.  A main 
consideration  will  be  not  only  cost  and  manufacturability,  but  also  sidelobe 
level**  since  reduction  in  sidelobe  level  is  a key  factor  to  satellite  spacing 
in  geosynchronous  orbit. 

* A Kumar,  "Experimental  Study  of  a Di-electric  Rod  Enclosed  by  a Waveguide  for 
use  as  a Feed",  Elec.  Letters,  Vol.  12,  pp  666-668,  Dec.  1976. 

**  R.  E.  Collin  and  L.  Gabel,  "Low  Side  Level  Low  Cost  Earth  Stations  for  12  GHz 
Broadcasting  Satellite  Services",  Contract  NAS3-21365,  Text  1979,  NASA-Lewis. 
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TABLE  6-28 

12  GHz  TVRO  Antenna  Techniques 


Component 

Candidate  Technology 

Description/ Heritage 

Antenna  providing 
32-37  dB  gain 

Prime  focus  feed 
parabolic  antenna 

1-meter  assembly; 
first  sidelobes  in 
12-17  dB  range 

Off-set  Fed  parabolic 
antenna 

1-meter  assembly; 
first  sidelobes  in 
25-36  dB  range 

Slotted  waveguide 
array 

1 

1 

36  X 36  inch  flat 
plate;  sidelobes 
40- 5C  uB  range 

1 

Printed  circuit 
1 array 

36  X 36  inch  /.'.at 
plate  with  corporate 
feed;  sidsf lobes  in 
40-50  dB  range 

Feeds 

Standard  horn 

Standard  techniques 

Kumar  feed* 

Used  for  reduced 
sidelobes 

Printed  circuit 
crossed  dipole  feed 

Directly  coupled  lo 
LNA 

* R.  Collin  and  L.  Gabel,  Case  Institute,  Contract  NAS-3-21365 
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Interference  from 
Support  Elements 
in  a 1-meter  antenna 


Figure  6-itO 

Radiation  Pattern  With  and  V7ithout  the  Pair  of  Absorbers 
(8  dB  Taper  Illumination)  [Han,  1972] 


Figure  6-43 

Radiation  patter-,  rf  Kumar  feed  (10). 
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6 . 3 . 1 . 4 . 1 Small  Prime  Focus  Parabolic  Antenna 

The  small  one  meter  12  GHz  antenna  with  prime  focus  feed,  see  Fi'ure 
6-3,  would  appear  to  be  a very  minor  production  item  and  present  a manufacturing 
and  fabrication  problem  no  more  difficult  than  s large  frying  pan  or  the  stamped 
hood  of  a Ford  Pinto.  However,  ther."*  are  significant  problems  in  surface 
tolerance  and  contour  accuracy,  feed  design,  and  feed  support  design  which 
must  be  reckoned  with  in  order  to  assume  achieving  gain  and  overall  performance, 
particularly  in  an  out-of-doors  environment. 

R.  Collin  and  L.  Gabel  of  Case  Institute  of  Technology  of  Cleveland,  Ohio, 
have  studied  small  antennas  for  12  GHz  broadcast  satellite  service  (NAS  Contract 
NAS-3-21365)  and  have  provided  several  key  observations  relative  to  4-6  ft  antennas 
in  the  12  GHz  range: 

o Standard  available  parabolic  antenna  in  the  4-6  ft  diameter  range  have 
near  in-sidelobes  in  the  range  of  -20  dB  to  -25  dB. 

o According  to  Figure  6-7  a protection  ratio  of  from  27  to  36  d3  is  required 
for  a S/N  greater  than  48  dB;  otherwise  significant  interference  ncise 
can  be  produced  in  the  received  television  picture. 

Interference  can  be  produced  by  many  sources;  from  adjacent  satellites 
in  the  geosynchronous  arc,  to  interference  from  reflections  in  the  antenna 
support  structure  (see  Figure  6-39),  and  from  surface  inaccuracies  and  deformi- 
ties. Thus  the  12  GHz  1-meter  parabolic  antenna  system  with  feed  and  support 
structure,  must  be  a s^-ructure  with  precision  surface  and  carefully  resigned 
support  elements  to  assure  that  maximum  gain  and  minimum  sidelobe  level  will  be 
achieved . 

There  are  relati'/ely  few  techniques  available  for  sidelobe  reduction  in  a 
small  prime  focus  parabolic  antenna.  One  teciinique  is  to  reduce  the  feed  support 
element  structure,  modem  design  has  recommended  the  so-called  J-hook  feed  for 
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minimum  interference.  Another  technique  is  the  use  of  absorbers  (Figure  6-40) 
which  were  successfully  used  by  C.  C.  Han  and  J.  C.  F.  Albemaz  (Stanford  PhD 
Thesis  1972)  to  reduce  sidelobes  to  below  -30  dB  for  a 50  inch  dish. 

Another  technique  which  can  be  exploited  for  sidelobe  reduction  is  feed 
design.  By  shaping  or  tapering  the  feed  radiation  pattern;  i.e.,  the  Kumar 
feed  of  Figure  6-42  and  Figure  6-43,  an  antenna  radiation  pattern  with  sidelobes 
below  -30  d3  (Figure  6-44)  could  be  achieved. 

Table  6-29  lists  the  recommendations  made  by  Collin  and  Gabel  for  cidelobe 
reduction;  they  list  surface  accuracy  and  feed  design  as  techniques  for  achiev- 
ing -30  d3  sidelobes  but  point  out  the  difficulties  of  achieving  -35  dB  sidelobes. 

6.3. 1.4.2  Offset  Fed  Parabolic  Reflectors 

One  approach  to  further  reduction  of  sidelobe  level  in  a small  parabolic 
antenna  is  to  offset  the  feed  and  eliminate  the  destructive  direct  interference 
of  the  support  rods.  This  can  result  in  somewhat  lower  antenna  efficiency  but 
small  increases  in  diameter  are  relatively  inexpensive,  and  the  offset  fed 
reflector-antenna  - new  becoming  widely  used  in  new  4.5  meter  and  10  meter 
antennas  at  4 GHz  - is  a very  viable  approach  to  small  antenna  design  with  side- 
lobe levels  as  low  as  -35  dB,  and  in  addition,  provides  a more  accessible  point 
at  which  to  mount  the  feed  which  will  also  include  the  UlA  and  down-converter. 

An  additional  technique  which  has  been  tested  In  Japan  and  disclosed  to 
CCIR  USSG-4  is  the  use  of  a Gregorian  fed  antenna  system  in  which  the  path  from 
the  feed  to  the  sub- re fleeter  is  surro\mded  by  absorbing  material  thereby 
reducing  the  sidelobe  level  to  less  than  -35  dB. 

6.3. 1.4.3  Microstrip  Antenna  Arrays 

When  microstrip  resonators  are  constructed  with  low-dielectric-constant 
substrates  they  act  as  radiators.  The  result  is  a conformal,  or  low-profile 
antenna,  best  suited  for  applications  where  small  size  and  low  weight  are  the 
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table  6-29 


Recommendation  for  Sidelobe  Reduction  in 
Small  12  GHz  Earth  Terminals 
by 

R.  E.  Collin  & L.  R.  Gabel 


1.  Sidelobes  that  are  at  least  5 dB  below  those  specified  by  the  CCIR  model 
pattern  can  be  achieved  by  using  a feed  producing  about  20  dB  edge  taper. 

2.  Good  aperture  efficiency  with  low  sidelobes  can  be  achieved  by  using  a 
hybrid  mode  feed. 

3.  In  order  to  obtain  sidelobes  as  low  as  -35  dB  the  surface  contour  of  the 

paraboloid  will  probably  have  to  be  accurate  to  within  + least. 

4.  Small  errors  in  the  surface  of  a paraboloid  produces  large  variations 
in  the  sidelobe  pattern  below  -30  db  and  hence  does  not  result  in  re- 
producible sidelobe  patterns  from  one  antenna  to  the  next. 

5.  The  use  of  small  reflector  plates  is  a simple  way  to  reduce  the  sidelobe 
level. 

6.  Currently  the  accepted  tolerance  on  surface  deviations  is  which  is  not 

sufficient  to  generally  obtain  sidelobes  below  -35  dB. 

7.  The  structural  rigidity  of  many  of  the  commercially  available  low  cost 
paraboloids  is  not  good  enough  to  ensure  that  surface  distortions  consider- 
ably greater  than  A^/16  does  not  occur. 

8.  Antennas  designed  for  transmitting  use  and  incorporating  a vertex  plate 
in  order  to  maintain  a low  VSWR  for  the  feed  are  not  suitable  for  low 
sidelobe  level  about  -30  dB  even  if  a large  amount  of  aperture  field  taper 
is  used. 

9.  A -35  dB  sidelobe  objective  for  low  cost  small  diameter  12  GHz  antennas 
appears  realistic  and  attainable  in  a single  plane. 

10.  Techniques  to  mass  produce  low  cost  but  accurate  paraboloids  need  to  be 
developed . 
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prime  requirements.  These  microstrip  antennas  have  the  advantages  of  low 
production  costs,  high  design  flexibility,  and  ruggedness.  Other  attractive 
characteristics  are; 

0 The  paper-thin  antennas  don't  disturb  aerodynamic  flow  or  disrupt  the 
the  mechanical  structure. 

o These  antennas  are  compatible  with  modular  designs.  Solid-state  com- 
ponents can  be  added  directly  to  the  microstrip  antenna  board. 

0 Feed  lines  and  matching  networks  are  simultaneously  etched  with  the 
antenna  structure. 

0 Linear  and  circular  polarizations  are  possible, 
o Dual- frequency  antennas  can  be  constructed, 
o There  are  no  cavity  backings  required. 

Microstrip  radiators  can  be  grouped  into  three  categories:  the  wide 

microstrip  antenna,  the  patch  microstrip  antenna,  and  finally,  the  microstrip 
slot  antenna. 

Figures  6-45  through  6-47  show  various  types  of  microstrip  antennas  in- 

"Me 

eluding  a 12  GHz  512  element  slot  array  and  9.4  GHz  planar  array.  Figure  5-47 
shows  a variety  of  patch  microstrip  antennas  which  can  be  used. 

These  antenna  arrays,  using  microstrip,  are  of  particular  interest  since  the 
array  elements  can  be  positioned  to  provide  side  lobe  reduction  to  less  than 
-40  dB  and  such  antennas  are  relatively  easy  to  fabricate  in  quantity. 

Figure  6-48  shows  a commercial  implementation  of  microstrip  s lotted-arrays 
for  use  by  NHK  in  Tokyo  to  receive  TV  broadcast  from  the  Tokyo  tower  at  12.1  GHz 


* M.  Collier,  "Microstrip  Antenna  Array  for  12  GHz  TV",  Microwave  Journal, 
Sept.  1977. 

**  I.  j.  Bahl,  "Build  Microstrip  Antennas  with  Paper-Thin  Dimensions", 
Microwave,  Oct.  1979. 
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Figure  6-45.  Microstrip  Antenna  Array 
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to  avoid  picking  up  "ghost  images"  reflected  from  the  neighboring  building. 
Typical  Yagi  TV  antennas,  with  their  wide-beam  reception,  pick  up  reflected 
signals.  The  propagation  delay  of  these  signals  causes  the  ghost  image. 

However,  a s lot ted*^ array  microwave  antenna  that  eliminates  ghosts  now  la  commer- 
cially available  from  Toshiba  Corp. , Kawasaki.  With  30.1  dB  gain,  the  12.1  GHz 
antenna  is  highly  directional,  and  the  low  sidelobes  effectively  eliminate 
reception  of  signals  reflected  from  buildings. 

"This  antenna  was  designed  for  ease  of  fabrication  and  installation", 
explains  antenna  specialist  Katsumi  Hirai  of  Toshiba.  A slot-array  of  306 
elements  is  mounted  on  one  side  of  the  antenna  structure,  and  feed  lines  lead  to 
a down-converter  installed  in  the  middle  of  the  opposite  side.  The  dovmconverter 
uses  silicon  mixers  with  a temperature-stable  Gunn  oscillator.  A bandpass 
filter  is  included  in  the  front  end,  with  the  IF  amplifier  built  into  the  MIC 
rodule.  The  patterns  and  performance  of  this  antenna  array  is  given  in  Figure 
6-49. 

6.3. 1.4.4  Slotted  Waveguide  Antenna  Arrays 

Probably  the  most  Interesting  and  promising  of  the  new  candidate  TVRO 
antenna  technologies  is  an  antenna  technique  which  is  old  in  the  radar  art. 

This  technique  is  the  slotted  waveguide  array  showti  in  Figure  6-50  which  has  tae 
following  advantages: 

o Very  high  efficiency  - around  857# 

o Manufacturable  by  using  milled  plates  brazed  together;  very  expensive 
in  small  quantities  but  very  Inexpensive  when  manufactured  by  special 
tooling  and  machinery 

0 The  arrangement  of  slates  can  lead  to  sldelobe  reduction  in  the  40-50  dB 
range.  Theoretically  capable  of  zero  sidelobes  by  using  a Gaussian 
distribution  c£  slots 
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o Capable  of  using  a single  waveguide  feed  - verv  low  loss,  and  placing 
the  LNA.  in  a very  com^nienc  location 
o Elimination  of  feed  supports,  etc.,  typical  of' parabolic  reflector 
systems 

The  slotted  waveguide  array  ant&nna  involves  a set  of  contiguous  waveguides 

with  slots  in  the  radiating  face  as  shown  in  Figure  6-50;  Figure  6-51  shows  the 

* 

slot  dimensions  and  impedances  of  a small  four  slot  array  illustrating  the 
size  of  a typical  structure.  The  bandwidth  can  be  extended  fr'^m  the  narrow 

m 

band  shown  in  Figure  6-51  to  more  than  500  MHz  at  Ku-band. 

Figure  6-52  and  Table  6-30  show  a slotted  waveguide  11  GHz  phased  array 
designed  by  Dr.  A.  Smoll  of  FACC  for  a spacecraft  application.  Note  the  small 
size  of  the  11  GHz  array  (11.7  x 18  inches)  which  was  designed  to  provide  a 
contoured  footprint  with  28  dB  gain  onto  the  islands  of  Indonesia  (Figure  6-53). 
While  this  slotted  waveguide  array  is  linearly  polarized,  it  can  be  converted 
to  circular  polarization  by  a plastic  overlap  which  includes  a special  zig-zag 
pattern  of  printed  lines. 

6.3.2  Low  Noise  Amplifiers 

The  low  noise  amplifier  (IM)  is  the  key  device  with  the  antenna  gain  for 
establishing  the  G/T  of  the  TVRO  broadcast  satellite  receiver  at  any  frequency. 

Historically,  until  1974,  the  oarametric  amplifier  (xmcooled,  thermo- 
electrically  cooled,  and  cryogenically  cooled)  was  the  worichorse  for  virtually 
all  INA  applications  which  required  noise  figures  less  than  2 dS  or  200°K. 

Above  that  noise  figure,  bipolar  transistor  and  tunnel  diode  amplifiers  and  the 
mixer  provided  noise  figures  in  the  3-6  dB  range. 


* Reported  by  Raytheon  in’/estigators  at  the  UPSI  Confei'ence,  Seattle,  Washington, 
June,  1979. 
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The  advent  of  the  FET  in  the  early  1970' s,  its  Introduction  into  4 GHz 
TVRO  systems  with  its  2 dB  noise  figure  during  the  late  1970' s,  and  further 
improvement  in  Schottky  mixer  diodes  and  mixer  circuits,  has  caused  a virtual 
revolution  of  IM  techniques  with  the  FET  (J-FET)  amplifier  competing  with  the 
bipolar  transistor  at  UHF,  replacing  the  bipolar  transistor  with  1-3  dB  noise 
figures  at  frequencies  for  2 GHz  to  13  GHz  (the  bipolar  transistor  is  not  a 
viable  IM  above  4 GHz),  and  competing  with  the  low  noise  mixer  at  frequencies 
above  10  GHz. 

Table  6-31  lists  typical  noise  figures  showing  noise  figures  in  the  1-2  dB 
range  now  common  over  most  communication  frequencies  by  1980;  with  mixer  con- 
version losses  also  plunging  below  3 dB. 

Table  6-32  lists  many  of  the  low  noise  amplifier  manufacturers  now  active 
while  Table  6-33  and  6-34,  and  Figures  6-54  through  6-60  list  and  describe 
many  of  the  LNA.  devices  of  interest  to  a TVRO  designer  for  0.8,  2.6  and  12  GHz. 

Perhaps  surprisingly,  television  manufacturers  are  planning  to  use  GaAs 
FETs  in  IIHF  tuners,  despite  higher  noise  than  bipolars,  because  of  the  dis- 
appointing  intermodulation  distortion  caused  by  drastic  impedance  changes  of 
bipolar  forward  AGC.  Matsushita  Electronic  Industries  Ltd.  has  already  tested 
a plastic  packaged  FET  observers  think  might  be  manufactured  for  as  little  as 
one  dollar.  But  performance  is  poor,  1.3  dB  NF  at  1 GHz,  and  the  company  has 
not  yet  made  a meaningful  commitment  to  development.  NEC,  how"'?er,  already  has 
a commercially  available  FET,  the  NE218,  which  reaches  0.9  dB  NF  at  2 GHz  and 
will  work  as  low  as  70  MHz.  Some  instability  may  occur  at  2 GHz,  but  ease  of 
matching  should  preclude  this. 

According  to  J.  Fawcett  (MSN,  Feb  1980),  competition  in  low-noise  GaAs 
htesfets  at  12  GHz  can  be  seen  in  two  of  the  best  - and  most  expensive  - devices 
the  NE137  from  NEC,  and  the  MGF-1403.  The  NE137  will  soon  be  commercially 
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TABLE  6-31 


Typical  Satellite  Communtcatlon  Amplifiers 


Type  Amplifier 

FET  or 
Transistor 

Bipolar  Transistor 
Amp  or  GaAs  FET 

GaAs  FET 

GaAs  FET 

Mixer 

Frequency  Range  GHz 

0.8 

2.5  GHz 

3. 7-4.2 

11.7-12.2 

11.7-12.2 

Gain 

10-50 

10-50 

10-50 

10-50 

1 

Intercept  Point 

+20 

+20 

+25 

+20 

1 

ie 

Noise  Figure  1975 

1.5 

3.5 

2.5 

* 

3 dB 

1976 

i 

1.5 

3.0 

2.0 

5.0 

1977 

1.5 

1.5  (FET) 

1.5 

3.5 

1978 

1.5 

1.5 

1.25 

3.0 

1979 

1.2 

1.5 

1.0 

2.7 

1980 

1.0 

0.7 

0.7 

2.5 

3 dB 

* Conversion  loss. 


TABLE  6-32 


Manufacturer 

AIL 

AIL,  SCI 

AIL,  Comtech 
Mlcromega 

Amplica,  Avantek, 
Dexcel 

AIL,  GTE- 
Telecomunicazioni 

AIL,  LNR 

AIL,  NEC,  LNR 

AIL 

AIL 

Comtech,  Fujitsu, 

GTE -Telecomunicazloni , 
LCT,  NEC 

AIL,  Ferranti,  LCT, 

SCI 

NEC 

AEG -Telef unken, 
Amplica,  Avantek, 
Dexcel,  NEC, 

Plessey,  SCI 


LOW  NOISE  AMPLIFIERS  (LNA'S) 


Cryogenic  Up-Converter 
Cryogenic  Paramp 
Uncooled  Paramp 

FET  Amp 

Cryogenic  Paramp 

Thermoelec trically  Co-,iled 
Paramp 

Thermoelec trically  Cooled 
Paramp 

Uncooled  Paramp 
Cryogenically  Cooled  Paramp 
Uncooled  Paramp 


7 

10-20 
30-  ' 

100-200 

20  3. 7-4. 2 

30-40 

35-50 

45-65 

50-60 

55-75 


Noise  Temperature  Frequency  (GHz) 

0.5-2. 2 


Uncooled  Paramp  75-90 

Thermoelec trically  Cooled  70° 

FET  Amp 

FET  Amp 


80-150 


TABLE  6-32 


Manufacturer 

AIL 

AIL,  Amplica,  Comtech, 
GTE  *Te  lecomunicazi  oni, 
LCT,  LNR,  NEC,  SCI 

AIL 

AIL 

LNR 

AIL,  NEC 

AIL,  Amplica,  NEC, 
Plessey,  SCI 

LNR,  NEC 

Comtech,  Mitsubishi, 
NEC 

AIL,  LNR, 

Mitsubishi.  I\iEC 

AIL,  LNR, 

Mitsubishi,  NEC 

LNR 

Avantek 

ail,  Fujitsu,  LNR 


LOW  NOISE  AMPLIFIERS  (LNA's)  - Continued 


Type 

Noise  Temperaturs  (K) 

Frequency  (GHz) 

Cooled  Paramp 

10-50 

11.7-12.2 

Thermoelectrically  Cooled 
Paramp 

80-200 

Uncooled  Paramp 

100-160 

Cryogenically  Cooled  FET  Amp  120-140 

Uncooled  Para-Conv. 

205-240 

Thermoelectrically  Cooled 
FET  Amp 

300-400 

FET  Amp 

400-600 

Schottky-Barrier  Mixer 

600-800 

Cryogenic  Paramp 

50-60 

17.7-20.2 

Uncooled  Paramp 

200-400 

Cooled  FET  Amp 

500 

Schottky-Barrier  Mixer 

600-1000 

FET  Amp 

600-1000 

Uncooled  Paramp 

400-600 

34-37 

ORtGli^AL  PAGE  5S 
OF  POOR  Q'!ALiTY 


Low  NoUe  AmpHficrt 


Frequency 

(GHx) 

Model 

No. 

Gain 

WB) 

NF 

(dB) 

P,  • 1 dB 
Comp.  (dBM) 

2.2-2.3 

AT3210 

35 

1.3 

+ 13 

37-4.2 

AT5324 

35 

1.5 

+ 11 

4.4-5.0 

ATA5315 

36 

2.5 

+ 15 

TABLE  6-33 

Various  Lower  Frequency  Bipolar 
and  FET  Commercial  Amplifiers 


BIPOLAR  AMPLIFIERS 

i"  extet^S've  line  ot  Oiooia'  amplifiers  lor  raiar. 
•ee— efrv  anp  oifier  comtiunications  aponca- 
•015  The  loOie  shows  some  o*  the  ampiifie'sthat 
-a.c  oeen  p’oojceo  ‘y  specific  customer  re- 
'ements  Custom  oesighed  units  can  oe  pro- 
. .dec  to  fulfill  a variety  of  applications 


GaAsFETAMPLIRERS 

A proad  range  o*  GaAs  FET  amplAe's  oier  low  noise  an;  • gi  performa'cs  ‘or  applcation*  m 
radar  telemetry  ana  satellite  communications  Custom  oM,gnen  units  ca'  oe  supplied  quicWy 
due  to  advanced  computer  aided  design  techno-ogv  anr  »mpiete  man.'j-jnng  capaPiWy 
Readily  supplied  octons  incfude  waveguide  input  A -C  0‘ C-C  operation  cc'nectpi  types,  fault 
mpnitd'  O'-  % and  packaging  and  mpuntinc  proviscnj  a:so.  redunca--  oor.figurations  of 

GaAs  FF  pi.^e'S  are  offered  irxtiud'og  ir'-ig-a'  swco*.ng  local  anc  remote  control,  and 
status  in  JO  The  taWe  shows  some  of  tfte  irfopiifiers  produced. 


-"£0 

GAIS 

GAM 

NO«£ 

VSV.'I 

PUMT 

Freq 

Gam 

Nose 

Power  Out 

OB 

• <S 

JB 

Mm 

Ou 

Range 

Gam 

Flatness 

Figure 

vswp 

-1  OdB 

IWr 

su> 

Mu 

W OUT 

Mai 

MHz 

(ffi 

-dB 

dB 

in/Ou* 

CompressKm 

s:-200 

30 

05 

20 

20 

1 5 

*7 

1 42-1  44 

30 

05 

15 

15  1 

-6 

’>3X 

30 

05 

40 

20 

20 

*3 

1 42-1  44 

35 

05 

1.5 

15  1 

-6 

3>300 

23 

05 

40 

2.0 

20 

■3 

1 67-1.70 

X 

05 

1,8 

15  1 

-10 

3:-3iX» 

20 

05 

35 

20 

20 

-3 

1.65-1  75 

X 

05 

VS 

1.5  1 

•5 

33-300 

50 

05 

40 

20 

20 

■3 

165-1  75 

40 

06 

1.5 

15  1 

-5 

2^500 

20 

10 

35 

20 

2.0 

•3 

1 65-1  75 

X 

05 

1.2 

1.5  1 

-5 

2D-500 

40 

1 0 

27 

20 

20 

•3 

1 65-1  75 

40 

05 

12 

1.5  1 

•5 

20-'00C 

16 

1 0 

40 

20 

20 

-3 

2 20-2  35 

25 

05 

1 5 

IS  • 

•10 

50-38 

14 

05 

35 

20 

20 

-2 

220-235 

X 

05 

15 

1.5  1 

-10 

250-500 

20 

05 

40 

20 

20 

-3 

2 20-2  35 

X 

05 

17 

15  1 

-10 

3>:'-5>3 

20 

05 

40 

20 

20 

-3 

2 20-2  35 

40 

05 

\2 

1 5 1 

-10 

~20-ii0 

30 

0 5 

1 6 

20 

20 

0 

2 70-2  90 

18 

05 

25 

15  1 

•10 

5h0-t200 

20 

1 0 

25 

20 

20 

-3 

2 70-2  90 

X 

05 

25 

1.5  1 

-10 

550-  *250 

2*j 

05 

2 25 

20 

20 

-5 

2 70-2  90 

25 

05 

2» 

1 5 1 

-7 

■200-1400 

20 

0.5 

22 

20 

20 

-5 

1435-1540 

20 

05 

25 

20 

20 

*5 

•000-1500 

20 

05 

35 

1 5 

1 5 

-5 

•4X -'600 

20 

05 

30 

1 5 

1 5 

-5 

*4X-17X 

20 

05 

30 

4h 

20 

^ r 

•403-lTX 

20 

05 

45 

20 

20 

*7 

•~0-C-24X 

20 

05 

30 

20 

1 5 

-7 

• TX-2300 

18 

05 

3 5 

25 

20 

♦3 

2203-23X 

18 

05 

30 

20 

20 

-3 

22X-23X 

20 

05 

25 

25 

1 5 

-5 

£2Xi*2300 

X 

05 

25 

25 

1 5 

*7 

w~ 

- V • 

m « 

- nm 

25X-31X 

17 

05 

43 

20 

20 

*3 

J 

Ca**  Fft 
AAini.  SC*  J9h 


is'-r 

Dynamic  Ranpa 
1 dB  3rd 

1 

Gain 

Var+ 

NOtM 

Comp. 

hMor. 

r 

Gam 

adon 

Figure 

VSWR 

Outp^ 

Pt. 

Floquaney 

(dt, 

{ii«) 

(dB) 

Max. 

(dBm) 

(dBm) 

Modal  Na 

(OHx) 

Min. 

Max. 

Typv  Max. 

Input 

OuqNjt 

Min. 

Typ. 

AMF-2A--617 

16-17 

25 

0.5 

14  16 

126 

1,5 

S 

15 

AMF-3A-1617 

16-17 

35 

0.5 

14  16 

1 25 

15 

10 

X 

AMF-2A  2223 

2 2-2  3 

22 

05 

15  1.7 

125 

1 5 

5 

15 

AMF-3A-2223 

22-2.3 

35 

05 

1.5  17 

125 

15 

10 

X 

— -»• 

»—  - ~r 

wwr  • . 

AMF-2A-2124 

2 1-2  4 

X 

1.0 

1.6  1.0 

125 

1.5 

5 

15 

AMF-3A-2124 

2 1-2  4^ 

X 

0 75 

16  IB 

1.25 

1 5 

10 

20 

AMF-2A-1720 

1 7-2  0 

X 

075 

17  2.0 

1 35 

1.5 

5 

15 

AMF-3A-1720 

1 7-2  0 

X 

0 75 

1 7 20 

1 35 

1 5 

10 

20 

- 

462- 

AMF-2A-2729 

2 7-2,9 

X 

0.5 

17  1,9 

125 

1.5 

S 

• ^ 

AMF-3A-2729 

2 7-29 

X 

05 

17  1.9 

125 

15 

1 . 

2'' 

OF  ^ 


WJ-R21-004 

MINPAC  AMPLIFIER 

2,2  ""O  2 3 GHz 


• LOW  NOISE:  1,8dB(TYP) 
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TABUE  6-34 

Watkins  Johnson  S-Band  Low  Noise 
Bipolar  Amplifier 
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Comparison  of  Performance  Noise  Gn^s  FET) 


OF  POOH  QvjAUTY 


3.7  to  4.2  GHz  Low  Noise  Amplifiers 
95°  K to  290°  K Noise  Temperature 


AMPLICA  pfownti  a new  family  of  SC  Band  Low 
Noise  GaAs  FET  Amplifiers  designed  with  perfor- 
mance, production  and  economy  in  mind.  Model 
729CWNL  is  currently  in  production  offering  120®  K 
noise  temperatures  over  the  full  3.7  • 4,2  GHz 
frequency  range.  Other  units  in  this  family  provide 
noise  temperatures  ranging  to  290®  K which  permit 
effectively  selecting  the  best  Noise  Temperature  for 
your  system  at  the  lowest  possible  cost.  Model  729 
thru  733CWNL  all  possess  rugged  weatherpr  X)fed 
construction  with  waveguide  pressurizatio t capability. 
Standard  units  come  with  regulated  power  supply 
allowing  the  DC  Voltage  to  vary  from  -t-15  to  +25 
volts  without  degrading  performance.  Options  for 
negative  power  supplies  and  AC  supplies  are  available. 
Just  recently  joining  the  fan*ly  of  Low  Noise  Ampli- 
fiers for  satsMite  earth  stat'^n  requirements  is  the 
Ultra  Low  Noise  Model  728CWNL  which  offers  a 
noise  temperature  of  95®  K.  This  unit  is  thcrmo- 
electnca'  . '-ooled  and  provides  the  h-gh  reliability 
of  solid  s,jte  construction  and  the  Ultra  Low  Noise 
capability  provided  by  an  ingenious  thermoelectric 
cooled  design.  Various  gam  options  may  be  provided 
for  each  member  of  the  SC  Band  LNA  family. 
Amplica  also  offers  Ultra  Low  Noise  Amplifiers  in  the 
1 1.7  to  12.2  GHz  satellite  communications  band, 
see  Bulletin  No.  10671  for  further  details. 


728CWNL* 

729CWNL 

730CWNL 

731CWNL 

732CWNL 

733CWNL 


Metee  9 *23  C 

95®  K (1  23  dS) 
120*  K II.SdBI 
150*  K (I.SdBI 
180“  K 12  1 dBI 
225*  K 12.5  dBI 
289*  K (3  0 061 


The  following  are  the  SC  Band  Low  Noise 
GaAs  FET  Amplifier  Common  Specifications 


Frequency  Range: 

Gem: 

Gam  Flatnau: 

Output  Power  @ 1 08 
Gam  Comprttsion: 
Intercept  Point; 
input  VSWR: 

Output  VSWR : 

Input  Power/Current: 

Input  Connection: 

Output  Connection 
Weetnerproolirg: 

Mating  AC  or  CC  Connector 
Sim: 


3.7  10  4.2  GHi  minimum 
50  OB  minimum 
+ 0.5J8/500MHZ 
+ 0.25  OB/40  MHz 

♦ 10  dBm  minimum 

♦ 20  dBm  minimum 
1.3  ma.imum 

1 .5  mammum 

♦ 15  to  ^25  Vdo  9 110  mA  nominal 
CPR229G 

Type  "N"  Female 

ProviOec 

Supplied 

Sea  attached  outline  drawing 


For  -18  to  -X  Vdo  aPd  (-11  to  modo4  number. 
For  -40  to  -80  Vdc  add  1-2)  to  modtl  number. 
For  115  Vac  add  1-31  to  modal  number. 


rP 


*Mod»!  728CWNL  is  th»rmoe/irctric»liy  cooled  vid 
requms  epproxirr.ately  6 volts  5 amps,  power 
supply  (not  included). 
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NEC 


LA1218  12GHz  Low  Noise  FET  Amplifier 


LOW  NOISE  FET  AMP 

2 stages 


2 no  FET  AMP 
2 STAGES 


' - -u  - --  --  -.3,'- 


-c  -u  HSf) nflgjg)  OUTPUT 


-50  C STA8IU2E0  -r20X  STA8IUZED 

LNA  UNIT  Block  Oiasram 


NEC  has  been  developing  various 
kinds  of  LNA's.  such  as  the  4 GHz 
LNA,  11  12  GHz  LN As.  etc. 

The  LA-1218  Low  Noise  FET 
Amplifier  only  uses  FET  Amplifiers 
to  obtain  the  specified  perfoTmance. 
Eight  ‘ Super  Low  Noise”  GaAs 
FET  s are  used  to  achieve  very  low 
noise  temperature  and  obtain  the 
specifie'j  gain.  FET  amplifiers  are 
lemperature-stabili'-.-d  to  achieve 
excellent  gam  stability 

Features 

• Super  Low  Noise  FET 

• Maintenance-Free  Stable  Opera- 
tion 

• High  Reliability 


Specifications 


Frequency  range 

117  - 12.2GHz 

&and  width 

500  MHz 

Noise  twm  erature 

Lett  than  i53K 
175KTyp. 

Gam 

52  dB  mm 

Gam  ripple 

1 db  p-p  Over  tr>ecifieO  band 

Gam  staOiity 

1 dB  p-p /week 

Operating  temperature 

-ao'Cto  i-so'C 

W X D X H (mm) 

Weight  (kg) 

Sire  Weight 

BF  UNIT 

JONT  & MON  UNIT 

252  X 240  X IPO 
460  X 400  X 1 77 

13 

20 

Figure  b-56 


11.7  to  12.2  GHz  Low  Noise  Amplifier! 
380°  K Noise  Temperature 


The  new  model  735  XSL  offers  3.6  dB  Noise  Figure 
(380“  K)  over  the  total  1 1 .7  to  12.2  SATCOM 
receive  band.  This  unit  is  hermetically  sealed  and 
utilizes  rugged,  reliable  thin  film  MIC  construction. 
The  GaAs  FET  low  noise  input  stage  optimumly 
combines  with  a low  loss  isolator  to  insure  good 
VSWR  and  lowest  noise  temperature.  The  output 
stages  are  balarKed  stages  to  insure  wide  d'  namic 
range  and  minimum  interaction  problems  due  to 
cascading.  This  amplifier  design  approach  has  been 
utilized  over  500  MHz  bands  extending  from  8.5 
GHz  to  13  GHz  with  equally  outstanding  noise 
figure  performance.  Noise  figures  as  low  as  2.5  dB 
are  available  over  narrow  frequency  bands  with 
center  frequencies  as  high  as  10  GHz.  Check  the 
following  specs  and  then  throw  your  paramps 
away.  Model  735XSL  is  capable  of  meeting  all 
environments  of  MIL-STD-5400  or  MlL-E-16400. 


. , , /"*  n' 

oRiGiNAu ' r;’rr.-fY 

OF  POOR 


OF  POOR 


SPECIFICATIONS 


model 

NO. 

FREQUENCY 

RANGE 

(GHz» 

GAIN 

MIN. 

(dB) 

NOISE 

FIGURE 

MAX. 

(dB) 

/35XSL 

11.7-12.2 

30 

3.6 

T*  734XSL 

11.7-  12.2 

30 

4.5 

t*  733 

11.7-  12.2 

30 

5.5 

GAIN 

FLATNESS 
MAX. 
i*  dSI 


OUTPUT 
POWEP  i9 
1 dBCOMPRES 
SION  IdBm) 


+ 7 dBm 
+10 
+12 


intercept 

POINT 

TYPXAL 

IdBml 


VSWR 
‘N  a OUT 
MAXIMUM 


OC  CURRENT 
9 13.S  » 1.5 

voc 

NOMINAL  imA) 


*Avai table  with  SMA  input  and  output 
t Available  with  other  gain  options 


OF  POOR  QUALITY 


11.7-12.2  GHz: 
Ku-Band  Satellite 
Communications 


K-3AND  LOW  NOISE  AMPLIFIER  BLOCK  DIAGRAM 


model.  noise  temperature 

Typical  Maxirrum 

Low  Noise  Amplifiers 
NCI  2-95  90K  100K 

NC12-111  nOK  120K 

NC12-131 130K  1 40K 

Paraconverter"' 

( Integrated  Parampf 
Downconverter) 

NC12/D-131  130K  140K 


Figure  6-58 
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Mitsubishi  GsAs  Fsts  and  Ralatsd  Daviess 

(Nov.  13.  1979) 


CMimireielly  Available 

Labereiary 

Coinimrciaily  Avtrilabte 

in  the  Very  Near  Future 

State-el-tIw-Art 

Typical 

ExpecM  Typical 

~ Raaults 

Type 

Ctartctristlei 

Type 

Cftvacterltlles 

Delivery 

NF„,„  = 0.8dB 

NF„,„=1.3dB 

@ f = 4 GHz 

•‘'•Lmn  = 1.7d8 

@f=  12  GHz  • 

MGF-1400 

@f  = 12GHz 

Sample: 

(Packaged) 

Low  noise 

MGF-1401 

-NF™,„  = 1.7dB 

MGF-1403 

(Packaged:  Chip 

Jan  1960 

GaAs  Fet 

MGF-1402 

@ f = 8 GHz 

(Packaged) 

0.3-0.4  better) 

NFinm  = 1.8  dB 

MGF-1412 

Commercial 

@ f = 16  GHz 

NF„„=2.5dB 

MGF-O1403 

NF„„*2.5dB 

device 

(Chip) 

@ f = 12  GHz 

(Chip) 

@ f = 18  GHz 
(Chip) 

April  1980 

NFflun  = 2.1  d6 

@ t = 18  GHz 

(Note  V 

(Note  2) 

(Chip) 

Mecilum  power 
GaAs  Fet 

MGF-1800 
MGF-1801 
(Note  1) 

gm  = 100  mS 
P,aB  = 21.5dBm 
@f  = 12  GHz 

Pirt  = 2W 

Pid8  = 25W 

Sample: 

Pt  dB  = 10  W 

MGF-2-.24 

MGF-2124M 

April  1980 

High  powe'- 

MGF-2148 

6|.p  = 5 dB 

MGF-2148M 

(^p  = 5 dB 

Gip  = 4.5  dB 

GaAs  Fet 

MGF-2150 

@ f >=  12  GHz 

MGF-2150M 

@f  :=12GHZ 

Commercial 

I®  f = 10  GHz 

MGF-217’ 

(Packaged,  without 

MGF-2172M 

(with  internal 

device: 

(with  Internal 

interna'  matching) 

matchi.ig) 

July  I960 

mafching) 

Af  = ±500  kHz 

F0-1(XI1(S; 

(.^f  = ±200  kHz) 

GaAs  Fet 

F0-1002(?) 

over  -20  to  -^60°C 

oscillator 

F0-1201(S) 

for  any  frequency 

FI3-1202'S) 

between  9 and  14  GHz 

(Note  1)  Chip  devices  as  well  as  packaged  devices  are  available  Their  type 's  represented  by  MGF-C- 
(Note  2)  NF.„,p  of  0 7 dS  at  f = 4 GHz  can  be  guaranteed  by  selection  of  MGF-1412. 


Figure  6-59 
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pr.r-r.-  1-% 


2 dB  CONVERSION  LOSS  MIXER  AT  11  GHz  USING  A PRM  CIRCUIT 


Ben  R.  Hallford* 


microstrip  circuit 


equivalent  CIRCUIT 


Product  Return  Mixer  Circuit 


★Collins  Figuia  6-60 
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avaiJable  with  a noise  figure  of  about  Z dB  at  12  GHz.  laboratory  devices  pro- 
vided 1.68-dB  NF.  A "deeply  recessed"  half-micron  gate  drops  source  resistance 
and  noise  figure.  Unconventional  structure  of  Mitsubishi's  low-noise  FETs  has 
produced  1.3  dB  at  12  GHz  in  the  laboratory.  More  significantly,  conmarcial 
samples  are  now  available  that  provide  1.7  dB  at  12  GHz,  but  at  a cost  that 
matches  their  Rolls  Royce  performance,  $283.50  apiece.  The  battle  continues 
at  4 GHz,  where  a pair  of  less  ex  .ive  devices,  the  NE213  and  MGF-1412,  both 
offer  around  0.7  dB  NF. 


6-3.3  TVRO  Receiver  Technology  (Analog) 

Figure  6-61  shows  the  basic  block  diagram  of  a TVRO  system  which  includes 
a frequency  converter  and  a receiver.  The  frequency  converter  (single  or  double) 
includes  the  and  the  tuning  system,  and  the  receiver  accepts  the  received 
FM  TV  signal,  provides  IF  amplification,  and  AGC,  demodulation,  video  and  audio 
signal  processing,  and  remodulation  of  the  video  and  audio  to  a carrier  which 
can  be  applied  directly  to  one  of  the  channels  of  a commercial  TV  set. 

Figures  6-62  and  6-63  illustrate  modem  color  TV  receiver  design  including 
the  use  of  a varactor- tuned  oscillator  controlled  by  a channel  tuning  system  - 
now  micrc-processor-controlled  in  almost  all  commercial  receivers  which  pro- 
vide touch- tuning  and  Instant  control  of  up  to  100  channels  at  VHF  and  UHF  and 
which  use  several  varieties  of  electronic  tuning  systems  to  provide  the  varactor 
tuning  voltage  which  determines  each  channel;  i.e. , potentiometer  tuning,  fre- 
quency synthesizer,  and  voltage  synthesizer 

Tables  6-35  through  6-36  list  many  of  the  receiver  technologies  and  their 
heritage  for  UHF,  S-band,  and  Ku-band,  and  include  the  LNA  and  down- converters 
since  these  later  circuits  may  become  actually  an  integral  part  of  the  receiver. 

In  the  overall  TVRO  system,  the  designer  makes  use  of  two  modem  technolo- 
gies which  have  been  developed  for  Color  TV  receivers  during  the  1970's;  i.e., 

o The  varactor  controlled  (VCO)  frequency  converter  where  a tuning  voltage 
alone  determines  the  channel  frequency  of  Interest.  This  is  a "fortunate" 
technology  sin»,e  the  varactor  controlled  VCO  can  exist  at  any  frequency 
from  UHF  to  Ku-band,  and  only  an  applied  progranned  voltage  is  required 
to  select  the  desired  channel. 

o The  tremendous  development  of  inaxpsnsive  integrated  circuits  which  now 
provided  units  which  serve  all  TV  receiver  functions  from  TV  tuners,  to 
IF  .Jrplifiers,  to  demodulators  and  signal  processors. 
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Color  TV  Receiver  Design,  Circa  1980 


. Il"]  U' 


Thus  the  « >rld  cf  I'le  TVRO  designer  is  the  world  of  the  Color  TV  receiver 
specieUst  since  thi  color  TV  art,  sparred  by  worldwide  competition  involving 
millions  of  receivers,  rs  cha  development  ground  of  many  applicable  ingenious 
circuits. 

6 . 3 . 3 . 1 T*if  TVRO  Race  ..ving  System 

Tables  6-3?  through  6-38  list  the  various  subsystem  of  a TVRO  receiving 
system  u\iF.  u-  band,  and  Ku-band. 

As  n these  tables,  an  U<A  or  first  stage  provides  the  low  noise 

amp’  -cation  iequirel  with  the  antenna  gain  to  provide  the  required  G/T  leading 
“ the  S/N.  iwte  that  at  all  three  frequency  ranges,  a down*  converter  and  a 
turcng  oscillator  are  required.  Once  the  channel  is  selected  and  its  modulated 
carrier  is  down-converted  to  a desired  IF  frequency  (around  70-120  MHz),  then 
integrated  circuits  can  be  used  for  IF  amplification,  AGC,  video  detection, 
sound  detection,  video  and  sound  processing,  and  reraodulation  to  a desired  TV 
receiver  channel  (channel  3,4,5)  with  a carrier  which  is  vestigial  sideband  for 
video,  and  FM  for  sound. 

The  receivers  have  circuits  of  commonality.  All  UIA's  use  either  a bipolar 
transistor  amplifier  or  some  form  of  FET;  MOSFET  at  UHF  and  GaAs  FET  at  S-band 
and  Ku-band. 

All  receivers  use  a voltage  controlled  oscillator  for  tuning  regardless 
of  whether  single  or  double  conversion  is  used. 

All  receivers  now  use  integrated  circuits,  IC's,  to  perform  IF,  detection, 
processing  and  remodulation;  in  fact,  as  will  be  discussed  are  derivable  from 
the  hundreds  of  IC's  which  have  been  developed  for  color  TV  receivers  and  TV  geme 
systems.  This  availability  of  IC's  wh^^'h  has  been  a major  development  of  the 
1970' s is  a critical  factor  in  TVRO  receiver  low  cost  and  performance  and  manu- 
facturability. 
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It  is  Implicit  in  tables  6-35  through  6-38,  as  was  described  earlier  in  this 
section,  that  in  all  cases  the  LNA.  and  down- con'ver ter  and  first  IF  stage  are 
antenna  mounted,  ant  connected  by  cable  to  the  Indoor  receiver  whose  input 
frequency  range  is  at  a frequency  at  which  tuning  is  accomplished  - around  500- 
1000  MHz,  or  at  70  MHz  after  tuning  has  already  been  accomplished  by  a tuning 
voltage  supplied  by  the  receiver. 

6.3.3. 1. I The  TV  Tuner 

At  least  a quarter  of  a billion  VHF  TV  tuners  have  been  built  since  the 
start  of  commercial  TV.  This  technology  started  with  using  amplification  provided 
progressively  by  Tubes,  Nuvistors,  bipolar  transistors,  and  MOSF ETS . Figure 
6-64,  from  RCA,  shows  both  bipolar  and  MOSFET  tuners,  including  the  detail  of 
the  IF  amplifier  and  second  detector,  and  the  RCA.  CA3120E  IC  which  processes  the 
video  and  provides  AGC.  By  the  end  of  the  1980' s integrated  circuits  approches 
to  the  tuner/mixer/ LO  voltage  tuned  oscillator,  and  IF  were  starting  to  be 
introduced  into  television  sets  including  very  sophisticated  tuners,  to  be 
described  below. 
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TABLE  6->35 

UHF  TVRO  Rtcelver  Subsyttcm 


Component 

Candidate  Technolosy 

Descript ion/Heritage 

LNA 

1 

1 

Bipolar  Transistor 

1-3  dB  NF/TV  sets 

MOSFET  (silicon,  JFET) 

1-3  dB  NF/FM  TUners 

Down-converter 

j 

Integrated  Circuit 

! 

Similar  to  use  in 
color  TV  rec. 

Oscillator 

Varactor  tuned  OSC 

Similar  to  use  in 
color  TV  rec. 

- Synthesizer  IC 

In  IC’s  for  color  TV 
rec. 

IF,  AGC,  AFT 
Detector  and 
Video  Processor 

Integrated  Circuits 

1 

In  use  in  color  TV 
rec. 

Remodulator  to 

UHF/VHF 

1 

Integrated  Circuit 

In  use  in  color  TV 
rec. 

Circuit  boards  and 
hardware 

5-6  layer  board 
Gabinet/P.S. /Xnobs 

Conventional  receiver 
construction 

i 
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Interior  Installation  I Antenna  Mounted 


TABLE  6-  36 


2.54  GH2  TVRO  Recalver  Techniques 


Component 

Candidate  TechnoloKV 

Descript  lor./ Heritage 

FET  Amplifier 

1 dB  (70K)  noise  fig. 

LNA 

Bipolar  transistor 
amplifier 

1.5  dB  (120K)  noise  fig. 

Low  noise  mixer 

3 dB  conversion  loss 

Down- converter 

Single  conversions 

Candidate  for  monolithic 
techniques  including  LNA 
and  oscillator 

Oscillator 

vco 

Varactor- tuned  oscillator 
now  used  in  color  TV  rec. 

UHF  8>-nthesizer  IC's 
plus  multiplier 

Synthesizer  now  used  in 
color  TV  rec.,  including 
remote  tuning 

IF,  AGC,AFT 
Detector  and 
Video  Processor 

Integrated  circuits 

In  use  in  color  TV 
receivers.  Modified  for 
use  with  FM  video  carrier 

Remodulator 
to  UHr/VHF 

Integrated  Circuit 

In  use  in  CATV  systems 
and  in  TV  games 

I 


Component 

Candidate  Technology 

Descrlption/Heritage 

Low  noise  amplifier 

FET  emplifier 

150-350^  NT-present ly 

(mounted  with  or 

high  cost  due  Lo  high 

integrated  with  feed) 

FET  cost 

Konishi  Mixer  (mixer 

400^  N'l  - Very  low 

mounted  in  waveguide) 

cost  claimed 

First  down- 

Single  conversion 

Conversion  to  inter- 

converter and 

mediate  freq.  950-1450 

oscillator 

MHz  or  similar  range 

f 

L 


OF 


POOIJ 


ality 


TABLE  6-38 

12  GHz  TVRO  Receiver  Techniq\ies 


Component 

Candidate  Technology 

Descript ion/Heritage 

Second  down- converter 

Single  conversion 

Input  450-1450  MHz 
Output  70  MHz 

Tuning  Oscillator 

VCO  for  tuning 

Varactor  tuned  microwave 
FET  oscillator-use  mono- 
lithic techniques  derived 
from  TV  sets 

Synthesizer  for  tuning 
using  IC'  s 

Synthesizer  IC  used  in 
UHF/VHF  TV  sets 

IF,  AGC,  detector 
and  video /audio 
processor 

2-3  integrated  circuits 

Derived  from  IC' s used  in 
modem  color  TV  receivers 

Reniodulator  to 
UHF/VHF 


Integrated  circuit 


In  use  for  modem  CATV 
systems  and  TV  games 


Intirface  of  i f amplifier  with  bipolar  and  MOS 
FET  tuners. 


:\L  IS 

GF  POOR  QUALITY 


Ur%.C  ; 


FROM  terminal  14 
OF  CA3IEOE 


The  RCA-CA3I20E  is  a 16-pin,  dual-in-iine.  monolithic- 
silicon  integrated  circuit  that  processes  a video  signal  and 
provides  the  following  outputs: 

Non-inverted  video  output 
Noise -processed,  inverted  video  output 
Dual-polarity,  composite  synchronization  signals 
Automatic  gain<ontrol  signals  (age): 

Undelayed  forward  age  for  i f amplifier 

Delayed  forward  age  for  tuners  with  bipolar  transktors 

Delayed  reverse  age  for  tuners  with  FET’s 


Figure  6-64 

Typical  application  of  the  C.-l-U  T:  -T. 
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6.3.3. 1.2  VHF  Tuner  IC 


The  tuner  block  was  not  integrated  for  a long  time,  while  the  other  circuits 
in  TV  receivers  have  been  progressively  integrated  in  this  field.  There  are  now 
two  approaches  to  manufacture  or  to  develop  a new  small  sized  TV  tuner. 

One  approach  to  making  a TV  tuner  is  to  use  hybrid  method  using  au  altluiiria 
substrate,  on  which  capacitors  and  resistors  are  printed  and  to  which  discrete 
semiconductors  and  inductors  are  soldered.  Instead  of  using  a conventional  PC 
board. 

Another  approach  is  the  semi-hybrid  method  usit\g  a conventional  glass  epoxy 
laminated  substrate,  on  which  chip-capacitors  and  chip-resistors  are  mounted,  and 
into  which  discrete  semiconductors  and  inductors  are  inserted  and  soldered  auto- 
matically. The  latter  approach  is  an  excellent  mass-production  technique  for 
rourting  or  solder  a large  number  of  chip  components  on  a PC  board.  However, 
it  is  a difficult  approach  to  utilize  novel  technique  except  the  mass-produced 
chip  mounting  technique. 

A third  approach  is  to  produce  a frequency  converter  IC  and  electronic 

tuner,  in  which  the  IC  and  chip  components,  such  as  capacitors  and  resistors, 

are  mounted  to  reduce  its  size  and  cost.  By  using  an  NSA  (Nitride  Self-Aligned) 

bipolar  process  with  4 GHz  f^  transistors,  a monolithic  frequency  converter  IC 

★ 

shown  in  Figure  6-65,  was  developed  , consisting  of  a local  oscillator,  mixer, 

IF  amplifier,  UHF-IF  amplifier,  AGC  amplifier  and  voltage  regulator.  This  IC 
was  developed  by  Toshiba. 

An  electronic  tuner  was  fabricated  with  the  IC,  chip-resistors  and  chip- 
capacitors  soldered  automatically  on  a glass  epoxy  substrate. 


* Torii  et  al.  "Monolithic  Integrated  VHP  T\^  Tuner",  IEEE  Transactions  on 
Consumer  Electronics,  Vol.  CE-26,  May  1980. 


-482- 


This  tunttr,  whose  size,  including  a UHF  tuner,  is  68  x 80  x 20  am,  provides 
cost  reduction  and  improves  performance,  especially,  in  respect  to  IF  rejection, 
S/N  ratio  in  UHF  reception,  local  oscillator  leakage  level  and  stability,  compared 
with  a conventional  discrete  transistor  tuner  (see  Figure  6-66). 

Candidate  circuits  using  integrated  circuits,  for  VCO  and  mixers,  using 
GaAs  FET's  are  shown  in  Figure  6-67.  According  to  Hewlett  Packard's  Dr.  Van  Tuyl 
at  ISSCC-78,  FET  circuits  for  monolithic  gallium  arsenide,  such  circuits  are 
adaptable  to  MIC  circuitry,  and  indeed  have  been  built  in  monolithic  gallium 
arsenide  substrates  up  to  15  GHz. 

In  1981,  Siemens  of  Munich  FRG  announced  the  development  of  a monolithic 
microwave  integrated  circuit  using  GaAs  with  special  application  to  television 
receivers.  This  amplifier  had  a gain  of  20  db,  noise  figure  of  4 db,  and 
frequency  range  of  40  to  1000  MHz.  (MSN,  May  1981).  This  amplifier  (2  stages) 
was  developed  to  address  a very  wide  market  and  to  utilize  the  attractiveness 
of  GaAs  to  hig'.  volume  production. 


Power  Gain  (rJB) 


COMTWDL  OUT  AGC-IN  GND  IF -IN 


Frequency  converter  IC  block 
diagram 

Figure  6-65 
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Figure  6-67  (R.  Van  Tuyl 
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6 . 3 . 3 . 1 . 3 Tuner  Channel  Control  for  TV  Tuner  VCO*s 


The  introduction  of  the  varactor  tuned  oscillator  Into  the  TV  char4nel  tuner 
changed  the  design  of  monochrome  and  color  TV  sets  in  the  early  1970's.  Voltage 
control  of  frequency  rather  than  mechanical  capacitance  or  inductance  control  of 
frequency  became  the  standard  tuning  technique  using  potentiometer  techniques. 

With  the  advent  of  the  calculator  and  the  microprocessor,  a new  technology  of 
tuners  iu  the  1980' s now  has  been  developed  which  uses  keyboard , and  which  produces 
channel  selective  voltages  from  either  a frequency  synthesizer  or  a voltage 
synthesizer,  and  into  which,  now,  functions  of  memory,  time  control,  or  additional 
functions  such  as  antenna  movement  and  computer  controlled  remote  control  have 
been  added. 

Figures  6-68  through  6-73  illustrate  some  of  these  new  tuner  techniques. 
Figure  6-68  shows  a standard  frequency  synthesizer  using  a VCO,  and  an  X-tal 
oscillator  compared  with  the  scaled  down  version  (using  a prescaler  and  digital 
divider)  of  the  VCO  output.  This  comparison  is  provided  in  a phase  detector 
whose  output  is  a voltage  which  controls  the  VCO.  Figure  6-69  shows  how  Zenith 
Corporation  has  advanced  the  standard  synthesizer  art  illustrated  in  Figures 
6-70  and  6-71,  by  including  keyboard  and  microprocessor  control  of  both  the 
synthesizer  and  an  LED  i2ad-out. 

Figures  6-72  and  6-73  show  advanced  circuit  implementations  of  UHF/VHF 
tuner  techniques  including  remote  control  and  advanced  set  in  time.  Such  tech- 
niques are  uniquely  adapted  to  TVKO  receive  systems  including  remote  control  of 
the  VCO  in  the  antenna  mounted  LNA /down- converter  system. 
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Figure  6-68 
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- mlcrfiprorsMor—cuiiLfol  tvsctn.  The  ustr  incvricti  with  ch*  controller 
by  me.inn  of  eltl.or  tlm  locnl  2 x 12  keyset  or  the  35-key  remote  unit. 

Clock  and  program  infomatlon  la  shown  on  the  elx-dlglt  display.  Exact 
tuning  Is  ac comp 11  shod  through  the  phase-locked  loop.  The  battery  back- 
up system  keeps  the  clock  running  and  stored  Infonestion  intact  in  the 
event  of  a power  failute. 


Figure  6-72 


-Rrmolf control  tuning  »>»if*n-  Figure  6-/.^ 
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6.3.4  TVRO  Microwave  mA/Down« Converters 

The  LN^/4own-converter  circuit  for  e TVRO  receiving  system,  for  S-b«nd  erut  . 
Ku-bend  is  now  receiving  considerable  attention.  Microwave  doubly  balanced  mixers 
for  microstrip  circuits  have  long  been  available  at  low  cost  from  various  manu- 
facturers (Vari-L,  Marrimac,  Watkins  Johnson,  etc.).  VCO's  are  also  now  avail- 
able from  many  manufacturers;  see  in  Figure  6-74,  the  VTO  modules  from  Avantek 
which  involve  VCO's  from  UHF  to  C-band  and  which  are  packaged  in  TO-8  cans  for 
case  in  installation  into  microstrip.  The  VT0-8360  (3.03  to  4.13  GHz)  for  example, 
is  widely  used  for  down- converting  reception  in  the  3. 7-4.2  GHz  band  to  70  MHz  IF. 

Figure  6-75  shows  the  new  Avantek  integrated  circuit  ACA-4220  series  which 
down-converts  J.7-4.2  GHz  to  950-1450  MHz  and  which  includes  the  LNA.  The 
Merrimac  4 GHz  down-converter  performs  the  same  function  to  880  MHz  but  does  not 
include  the  LHA.  The  Merrimac  circuit  is  advertised  as  costing  around  $500  in 
quantity  lots.  The  C-band  circuits  are,  of  course,  adaptable  to  S-band. 

At  Ku-band,  the  VITALINK  SHF-UHF  outdoor  unit  converter  ($3000  including 
indoor  receiver),  Figure  6-77,  shows  the  device  technology  and  performance 
(3.2  dB  NF)  available  for  1990  TVRO  receivers. 
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Figure  6-74 


Varactor-Tun«d  OiciMator  Modulaa 

Avantek  VTO  Series  varactor-tuned  transistor  oscilla- 
tors feature  extremely  fast  tuning  speeds  and  settling 
times  and  minimum  poh ' tuning  drift.  They  are  pack- 
aged in  the  TO-8  confif  ration  for  simple  integration 
into  50  ohm  microstripli:  e boards,  and  can  be  combined 
with  UTO  Series  ampli  ers  for  a complete  subsystem. 
For  commercial  applications  such  as  receiver  oscilla- 
tors and  frequency  synthssizers.  a V'TO  in  a phase- 
locked  loop  produces  a frequency  stability  comparable 
to  the  crystal  controlled  reference  oscillator,  or  the  VTO 
can  be  "free  run"  for  maximum  tuning  speed  and 
frequency  agility. 
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Avantek 

3. 7-4.2  GHz 
LNA/Downcoriverter 
ACA-4220  Series 


Applications 

• RF  Fron  ,-crd  Earth  Terminal 


Figure  6-75 


Features 


Integrated  Assembly. 

One-Piece  Cast  Weatherproof  Case. 
1.5  db  Noise  Figure  (120°K) 

Single  Cable  Connection. 

Lower  System  Cost. 

Wide  Dynamic  Range. 

Excellent  Group  Delay/Gain  Slope 


LMA  Filter  Mixer 


3. 7-4. 2 
GHz 


AMP 


Fi  Iter 


950-1450 

KHz 


Description 


The  ACA-4220  Series  LNA/Downconverter 
combines  the  best  features  of  the  widely 
used  120'^K  LNA  (AHC-4205)  with  the  880  MHz 
IF  Downconverter  (ACA-4200)  used  in  many 
TVRO  receivers  and  adds  internally  an 
Avantek  local  oscillator.  This  integrated 
assembly  combines  all  RF  requirements  into 
a single  earth  terminal  subsystem.  Additional 
features  or  variations  in  specifications  may  be 
readily  incorporated,  tailoring  the  design  to 
meet  system  reouirements. 


.75'  6HZ 


LO 


Guaranteed  Specifications  O -^0°C  to  -*-50°C  Case  Temperature 


Freauency  (Inout) 

Frequency  (Output) 

Noise  Figure  (db) 

VSWR  (In/Out) 

Gain  (Min)  (db) 

Gain  variation  vs.  frequency 

Gain  slope,  db/MHz 

Linear  group  delay,  ns/MHz 

Parabolic  Group  Delay,  ns/MHz2 

Intercept  Point , dBm 

Scurious  Outputs 

Power 

Phase  floise  dbc  min. 

(relative  to  200  KHz  deviation, 
measured  in  0 KHz  3W) 


3. 7-^.2  GHz 
950-1^50  MHz 
1.5 

1.25/1.25 

60 

t.5  db  (rax) 

0.01  (Max) 

0.01  (Max) 

O.OCl  (Max) 

+20  (Min) 

70  dbc  (out-of-band)  (Pq  Ave.*-15  dbm) 

+15  28VDC  Cable  Pov.-ered 

-45  0 10  KHz  decreasing 

to  -66  0 200  KHz;  -66  db,  20C  KHz 

to  A. 2 MHz 
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4-GHz  Downconverter 
Beats  Down  Costs  Too 

How  do  you  downconvert  a 4-GHz  downlink  to  an  880-MHz  IF  without 
going  broke?  Be  thrifty  with  substrates  and  semiconductors,  bet 
on  microstrip,  and  invest  heavily  in  innovative  filter  designs. 


1.  BfftcUvm  flltww  and  thflttf  conatrucdon  tachniquaa 

ara  tha  kay$  to  this  downconvartar  tor  TVRO  sitat. 


Downconv«ft«r  sp«df3cattont 


RF  Input  port 


Frequency  (GHz) 

3.7  to  4.2 

Min.  return  lots  (dB) 

20 

Max.  reradiation  (dBm) 

3.7  to  4,2  GHz 

-86 

2.8  to  3.3  GHz 

“70 

5 to  10  GHz 

-60 

10  to  18  GHz 

-40 

LO  Input  port 

Frequency  (MHz) 

710  to  825 

Input  power  (dBm) 

8 to  11 

Min.  return  loss  (dB) 

13 

IF  output  port 

Frequency  (MHz) 

860  t 20 

Min.  return  *oss  (dB) 

20 

Min.  RF  to  IF  gam  (dB) 

10 

Min.  noise  figure  (dB) 

13  5 

Gain  flatness  ,dB) 

3.7  to  12  GHz 

t1  0 

any  40*MHz  band 

0.4  (p-p) 

Spurious  output  (dBm) 

720  to  760  MHz 

-110 

710  to  825  MHz 

-90 

2 8 to  10  GHz 

-60 

Figure  6-76 


Olerrinac) 
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OUTDOOR  UNIT  (SHF-UHF  Converter) 


This  two-piece  TV  Receiver  is  designed  for  direct 
reception  from  12  GHz  satellites,  such  as  ANIK  B 
and  ANIK  C.  This  extremely  small  unit  uses  the  most 
advanced  solid  state  technology  to  achieve  the 
lowest  noise  figure  performance  available  anywhere. 


The  indoor  unit  selects  the  signal,  converts  the  FM 
satellite  signal  into  the  standard  NTSC  composite 
signal  and  remodulates  it  onto  a VHF  TV  channel. 
Operational  stability  and  low  cost  are  realized  by 
the  adoption  of  a newly  developed  ceramic  band- 
pass filter  and  a discriminator. 


For  prices  and  availability  contact 
VITALINK  CORPORATION 


OUTDOOR  UNIT 

SPECIFICATIONS  — 


SHF-UHF  Converter  (outdoor  unit) 

receiving  FREquENCT  RANGE:  Between  300  from  11.7  GHi  to  12.2  GHz 
OUTPUT  FREQUENCT:  0.9  GHz  - 1.2  GHz 

.•intermediate  FREQUENCT) 

NOMlrtAL  (XJTPUT  IMPEDANCE:  75w  Unbalanced 

(AJTPUT  VOLTAGE  standing  WAVE  RATIC  0.5 

ADMISSIVE  IMPUT  LEVEL:  -80  d&f 

NOISE  FIGURE-  3.2  dB 

^5,,^.  JIS  C-0920  weatherproof  Housing 

applicable  TEMPERATURE:  -20‘C  - ^C 

MAXIMUM  OIMENSIONS:  ''5m  « A5«tin  x 

WEIGHT:  ' '‘9 


Figure  6-77 
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6.3.4.  1 


12-GHz  Low  Notsa  Converters  In  Japan 


Because  of  the  BSE  experience  and  the  Intense  FET  developments  there, 

Japan  has  lea  the  vorld  in  12  GHz  LM  and  down- converter  developtaents.  These 
developments  have  included  the  lov  noise  mixer  approach  spearheaded  by  NHK  and 
in  particular.  Dr.  Konlshl,  and  the  FET  preamplifier  and  mixer  MIC  approach 
spearheaded  by  SANTO. 

Table  6*39  lists  the  participants  in  these  developments  including  a listing 
of  the  present  16  llcencees  (plus  U.S.  licensees)  of  the  Konishi  mixer  system, 
and  the  six  proponents  of  the  MIC  FET  preamplifier  approach. 

For  completeness,  work  has  been  done  in  this  area  using  special  12  GHz  low 
noise  mixers  at  Westinghouse. 

Note  in  Table  6-39,  that  KDD  is  also  engaged  in  FET  preamplifier  develop- 
ments . 

Figure  6-78  shows  the  Konishi  approach  which  includes  a planar  circuit 
housing  a Schottky  barrier  step  recovery  diode  installed  in  the  feed  horn  wave- 
guide. This  circuit  has  a conversion  loss  of  3 dB  and  with  a 7 dB  NF  IF,  has  a 
total  noise  figure  of  around  4.2  dB.  Figure  6-79  shows  Dr.  Konishi  holding  a 
sheet  which  includes  dozens  of  planar  wa'^eguides.  As  director  for  research  of 
the  Japan  Broadcasting  Corporation,  Yoshihiro  Konishi  has  a good  perspective  of 
both  device  and  systems  development,  allowing  him  to  point  out  areas  where 
break-throughs  may  occur  in  the  1980’ s. 

"After  the  satellite  project,  microwave  technology  should  be  very  rapidly 

changed by  low  cost  technology",  he  believes.  As  inexpensive,  standardized 

components  become  available,  microwaves  will  make  inroads  into  everyday  life- 

Figure  6-30  shows  the  SANYO  MIC  LNA  converter  which  includes  a FET  preampli- 
fier,  a step  recovery  diode  mixer  and  a stable  local  oscillator  using  a dielec- 
trie  resonator,  with  an  MIC  output  at  290-470  MHz  where  the  receiver  can  tune  to 
the  desired  channel.  This  circuit  has  a noise  figure  of  3.9  dB  which  will  be 
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reduced  if  the  new  MITSUBISHI  1.7  dB  FET  (device  NF)  at  12  GHz  is  used. 

Intensive  work  is  being  done  in  the  U. S.  at  Hewlett  Packard  and  Watsons 
Johnson  to  further  integrate  the  Ku-band  amplifier,  mixer  converter  which  converts 
in  response  to  a tuning  voltage.  Figures  6-81,  6-82  and  the  lower  portion  of 
Figure  6-83  show  innovative  work  on  a Ku-band  receiver  developed  by  Dr.  Van  Tuyl 
of  Hewlett  Packard  (ISSCC-78)  using  monolithic  gallium  arsenide  technology,  and 
Figure  6-83  (upper  left)  shows  a 15  GHz  circuit  by  Dr.  Crescenzi  of  Watkins 
Johnson  in  which  an  FET  amplifier  and  a voltage  controlled  oscillator  are  combined 
in  a module  only  1.7  x 0.65  x 0.25  inches  in  size.  The  work  by  HP  and  WJ,  is 
an  innovative  expression  of  the  capability  of  developing  Ku-band  circuits  which 
are  the  manufacturing  equivalent  of  present  day  UHF  MOSFET  and  bipolar  circuits. 
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IA.BLE  6-39 

Participants  in  12  GHz  Wk  Developments 


Users  and  Ucencees  of  Konishi  Mixer  Down-Converter  Systeat 


Nippon  Electric  Co.  Ltd. 
Mitsubishi  Electric  Corp. 

Hitachi  Ltd. 

Sumitomo  Electric  Ind.  Ltd. 

Tokyo  Shibaura  Electric  Co.  Ltd. 
Matsushita  Electric  Ind.  Co.  Ltd. 
Oki  Electric  Ind.  Co.  Ltd. 

Sony  Corp. 

Daiichi  Nippon  Cable  Ltd. 


Maspro  Denkoh  Corp. 

DX  Antenna  Co.  Ltd. 
Pioneer  Electric  Corp. 
Sharp  Corp. 

Nippon  Antenna  Co.  Ltd. 
Sanyo  Electric  Co.  Ltd. 
Katoh  Electric  Inds.,  and 
Thomson-CSF  (Brandt-TV) 


me  FST  Preamplifeir  with  Down- Converter  to  290-470  MHz_:_ 


Hitachi 

Mitsubishi 

Sanyo 

Sony 

NEC 

Laboratory  for  Electronics  (France) 


Special  Beam  Load  Mixer: 


Sanyo 

Two  Key  Japanese  12  GHz  Low  Noise  FET  Developmental 

NEC  388  - 2.7  dB  NF 

Mitsubishi  1403  - 1.7  dB  NF  - 

- 0.7  dB  NF  (device  noise  figure) 

KSD  FET  Preamplifier  Noise  Figure  Experience  usin^  NEC  388  at  12  GHz 

800  MHz  4.2  dB 

500  MHz  3.6  dB 

300  MHz  3.4  dB 


Total  FET  Amp/Mixer/Low  Noise  Second  Stage  Noise  Figure. 

FET  Amplifier 
Second  stage  contribution 
Waveguide  to  microstrip 
Image  rejection  filter  loss 
Input  circulation  loss 

LNA  Noise  Figure 


2.7  dB 
1.3  dB 
0.2  dB  loss 
0.3  dB 
0.2'dB 


,4.7  dB 


ORIG;v-! 

OF  PC.:, 


t|  1|  t|  Matching  elrcuic 


Step  r«cov«r7 
dlo4« 

Driving  po«Mr 
■owre*  with  £2. 


An  «xmapl«  of  tht  constmctlon  of  12CH 
down  convvrttr  with  planar  circuit 
Muntad  in  wavaguida 


Pfffomanc€  of  * 12  CHi  dovn  conv«rtor 
with  planar  circuit  aountad  in  wavtgulda. 


Figure  6-78 
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Figure  6-79 
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Integrated  SHF  Converter 
Simplifies  Sateilite  Broadcasting 


MIC  PATTERN:  A microwave  integrated  circuit  converts  the 
11.95-12.13-GHz  signal  from  the  Yun  satellite  to  a 290-470-MHz 
first  IF. 


Design  Data  for  Amplifier 
GaAs  Fet  characteristics  at  12  GHz 

511  0.593 

512  -22.99  dB 

521  1 11  dB 

522  0.693 
Stability  factor-  K 

NF  min. 

r,  at  NF  min.  0.529 

PG  at  NF  min. 

NF  at  r,  -0 

Equivalent  noise  resistance 
Input  matching  gain 
Output  matching  gain 
Maximum  unilateral  gain 
RF  Filter  Charactenstics  (Mixer  Stage) 
insertion  loss  of  signal  band 
Attenuation  amount  at  local  frequency 
Attenuation  amount  at  image  band 
Total  Characteristics  of  MIC  Converter 


-146.2* 
114.6* 
529° 
-55.0* 
1 .73  (Stable) 
3 9 dB 
143.4* 
7.6  dB 
5 6 dB 
26  0 0 

1 88  dB 

2 84dB 

5.83  dB 


1 5dB 
8 5dB 
20-25  dB 


Input  frequency 
IF 

Local  frequency 
Noise  figure 
Gain 

Local  stability  (-20- ■*•50*0 
Power  consumption 
Dimensions 
Weight 


11  95-12.13  GHz 
290-*;7C  MHz 
; 1 io  GHz 
4.1-4.6dB 
50  dB 
c500  kHz 
12  V,  200  mA.  2 4 W 
54  X 36  X 50  mm* 
i50g 


Figure  6-80 
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Figure  6-81 


The  monolithic  GaAs  f«t  RF  <lgnai  chip  has  its  LO's  frequency  determined  by  an  off-chip 
resonator  and  on*chip  varactor  diodes.  An  external  swept-frequency  oscillator  provides 
the  lovvievel  input  to  a doubly  balanced  mixer  through  a phase  splitter.  LO  and  RF  feed- 
tnrough  are  kept  from  saturating  the  IF  amplifier  by  a doubly  balanced  mixer.  On/off 
modulation  is  accomplished  with  a modulator  between  LO  and  mixer.  Hew/err- Packard. 


Figure  6-82 
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2.  G«4t  FET  o»eillator  includ9S  thy 

tuning  varactor  in  senas  with  a reso- 
nant stub.  Una  lengths  given  are  for 
lS-mil  thick  alumina  substrate. 
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1,  A complete  subsystem  on  e chip,  thts  heterodyne  converter  provides  flat 
performance  up  to  i 5 GHz.  Details  of  local  oscillator,  mixer,  and  phas»- 
splitting  buffer  amplifier  circuits  are  shown. 

-502- 


6.3.5  Integrated  Circuits  In  the  TVRO  Receiver 

Once  the  TV  FM  carrier  has  been  selected  by  the  tuning  process  and  has 
been  developed  at  IF,  then  more  conventional  TV-type  circuits  can  be  used  for 
its  amplification,  AGO,  detection  and  processing. 

6.3.5. 1 Standard  Color  TV  Receiver  IC's 

Figure  6-84  shows  a typical  TV  receiver  circuit,  by  RCA,  which  illustrates 
not  only  the  complex  of  integrated  circuits  used  by  the  mid-1970*s,  but  also  the 
circuits  included  in  GA3068  for  IF  and  video  detection  and  processing. 

The  first  IC  in  TV  was  the  chroma  demodulator.  Today  every  color  TV  has 
one,  usually  an  IK746  or  IH1828  type.  In  one  variation  the  luminance  signal  is 
added  to  the  color  difference  outputs  on  the  chip  (Motorola  MC1324) . The  chroma 
amplifier  and  subcarrier  regenerator  sections  have  been  integrated  using  a phase- 
locked  loop  system  with  two  chips  (LM3070  and  LM3071  types)  and  an  injection- 
locked  system  with  one  chip  (Motorola  MC1398) . Both  of  these  systems  are  widely 
used.  Second  generation  systems  which  do  the  phase- locked  system  with  one  chip 
(RCA  CA3126  or  Motorola  MC1399)  are  gaining  acceptance.  All  of  these  systems 
can  be  used  with  the  above-mentioned  demodulators. 

According  to  a NATIONAL  application  note,  Monolithic  circuits  have  been 
made  to  work  very  well  at  45  MHz.  The  first  IC  IF  systems  used  2 chips:  one 

for  a 2-stage  gain-controlled  IF  amplifier  (Motorola  MC1349,52)  and  the  second 
for  a video  detector  with  gain  (Motorola  MCI330) . The  major  obstacle  to  combining 
these  two  chips  into  a single  chip  has  been  stability  problems  due  to  internal 
and/or  external  coupling  output  to  input.  However,  a one  chip  IF  amplifier  and 
video  detector  is  now  widely  used  in  Europe  (Telefunken  IDA  440).  The  AGC 
system  is  also  often  included  in  these  chips.  Another  IF  function  used  in  most 
color  TV  receivers  today  is  automatic  fine  tuning  (AFT)  which  keeps  the  tuner 
correctly  tuned  to  the  IF  frequency  (LM3064  type'). 
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The  first  chi?  to  incorporate  all  of  the  above  functions  into  a single  chip 
is  the  National  1211807.  The  chip  uses  a phase'* locked  loop  to  tune  the  tuner  to 

V 

the  IF  frequency  sec  by  a local  oscillator  on  the  chip.  This  concept  is  new 
to  TV  and  is  generating  interest. 

63. 5. 2 Present  Integrated  Circuits  in  TVRO  Receivers 

Standard  color  TV  IF  and  video  detector  IC' s cannot  be  used  in  TVRO  receivers 
since  they  are  designed  to  amplify  and  process  a combined  vestigial  sideband 
video  carrier  and  an  FM  sound  carrier  approximately  4.5  MHz  separated  from  the 
video  carrier  frequency.  Also,  commercial  TV  IC ' s use  45  MHz  IP's. 

TV  Receivers  must  pass  an  FM  carrier  which  includes  both  video  and  audio 
with  a bandwidth  from  27  MHz  to  full  36  MHz,  and  IF  frequencies  of  70  MHz  or 
120  MHz  are  used  to  provide  amplification  compatible  with  the  increased  signal 
carrier  bandwidth. 

Fortunately,  the  vast  variety  of  integrated  circuits  now  produced  for 
integrated  circuits  includes  many  IC's  which  can  be  used  for  TVRO  circuits. 

The  Signetics  NE564-N  phase  lock  loop  IC  - Figure  6-85A  - performs  the 
function  of  FM  demodulation,  and  Figure  6-85B  due  to  R.  Cooper  (Radio  Electro- 
nics Magazine  April  1980')  shows  how  this  IC  is  used,  with  the  Signetics  NE592, 
used  as  a video  amplifier.  Figure  6-86  shows  another  circuit  implementation  of 
these  two  IC's  for  70  MHz  in  and  video  plus  audio  subcarrier  out. 

. igures  6-87  and  6-88  show  how  video  de-emphasis  (6-87)  can  be  incorporated 
with  transistors  or  noise  eliminator  and  AGC  voltage  generator  (Figure  6-88) 
can  be  incorporated  via  the  RCA  CA.3120E  IC. 


# 
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6. 3. 5-3  Demodulating  the  Audio  Subcarrier 

After  the  video  detection  process  which  Includes  detecting  the  audio  FM 
subcarrier,  this  subcarrlet  must  be  demodulated  and  processed.  Figure  6**89 
shows  the  variety  of  detector  circuits  which  have  been  developed  Including  the 
historic  Foster-Seely  discriminator,  the  AVINS  ratio  detector,  the  quadrature 
detector  and  the  phase- locked  loop. 

Figures  6-90  and  6-91  show  alternate  circuit  using  existing  IC's  or  by 
modifying  a standard  module. 

6 . 3 . 5 . 4 Remodulation  of  Video  and  Audio 

Once  the  video  and  the  audio  signals  have  been  recovered,  they  can  be 
applied  directly  to  a TV  monitor,  or  they  can  be  remodulated  as  a pair  of  vesti- 
gial sideband  video  and  FM  audio  carriers  to  be  available  to  a standard  channel 
(3,4,  or  5)  of  a standard  TV  receiver. 

The  NATIOSAlL  IM1889  IC,  shown  in  Figtire  6-92A  was  designed  to  perform  this 
function,  and  is  also  widely  used  for  TV  games.  Its  cost  of  less  than  $10  shows 
what  IC  technology  and  volume  production  can  accomplish  with  very  sophisticated 
and  complex  TV  circuits. 

Figure  6-92B  shows  how  an  LM1889  can  be  hooked  up  to  accept  the  audio  and 
video  input,  and  to  produce  an  NTSC  signal  for  channels  3, 4, or  5.  (Ref.  R.  Cooper, 
Radio  Electronics,  April  1980). 

This  circuit  is  not  used  for  entering  a Cable  TV  since  it  does  not  have 
adequate  filtering  - which  can  be  accomplished  by  using  a surface  wave  filter 
(Anderson  Labs) . 
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shoss-LocVed  Loc'p.  NE  5605  61B. 


Figure  6-89 
-512- 


,,  1 

■ 'TY 

ot-  p'--'  '^  ‘ ■■ 


1 6!o^ 

n?  1* 

1 

; \i 

♦ C.-*'CATE  Of  ABG>»E 

C 1 4 

n 

1C] 

lUlM 

5 1)  10  n hr  |i 


xi 


rA 

4=’'  * 

I o«> 


8-MHZ  AUD'C  OEMODULATOW  Circuit  ii  dupticsttd  for  rpcovenng  6 2-MMr  tudio  signal 

Figure  6-90 


PARTS  UST 
(Audio  demodulator,  r 

Ratittors  '4  watt,  to**  uniats  othamnaa 
noted 

R’— 330C  o-'-' 

Ri  —220“  o--''- 
R3—  tOOC  o^im* 

Pi — 150  HOC 
P:.  -?~0  02' 

Rt — 620C  c''-'*- 
R7 — 50  OOC 

Capacitors 

Cl  C4  c'-  or-  t/c 
C2 — 68  dP  a opea  mica 
C3— 3 pP  dippea  mica 
C5  C6— o-'  pP  d'Dpec  m.c.n 
C8-  0’  (/f 
C9-  0i7 

CIO — 50  pP  dippad  mica 
Cn — 12  pF  dipoed  m.ca 
C12— ■’  pF  10  volts  eiect'o'vtic 
C13— 0 1 pP 
C14—  33  pF 

C15 — 250  pP  ’6  volts  »»i»r*'ciivtic 
C’6  uf 
01  02-2N3565 

'Ci  7812  vo'*aoe  'PCj  ,T'-  ■ '2  va'is 

IC2'— HEPFOPOR  O'  CA3?F‘^ 

IC3*  LM380 

LI  L2— adiustab'P  RF  CO  3— "pH  ijW 

Miller  No  9051' 

l3— adiustab'e  RP  co  ' *— 1;  pH  ijw 
Miller  No  9052- 

*Nota:  Tha  RCA  CA3134GM  can  rapisca 
the  CA3065/LM380  combination 


aOOiritO  »CA  ru  JM  ro»  iv»0  RfCFivER 


■AuOiO  OuT; 

-ALTERNATE  APPROACH  to  tuDCtrn^r  audio  MIKIiort  uMt  « tltnOAnl  module  from  an  RC 
TV  raceiver 

Figure  6-91 


0 J.3- 


»or  tiwc  : .^PchjnotU 

Th#  LV'S33  Jilevvi  Video  *•3'^  VTR  i 

•■>>•  or  $.rr  Ur  vou'cr)  zx  3 >;)'Jv«J 

on  DiKt  |-“  0'  C0Jo»  TV  fKtf 

w.t*>  •••V:'1CX)  ifidMMS3^04  jcorr^oie-e  Tv  Qjmp 

! \ fo"^e~ 


■ tw»>  •'•f'-DCJuiJt  O'*  O^OduCti 

• c,  VD  c"' r*'J 

• Mj»  *>  ,#C  to  COr^OCi  !f 


OICCMIIR  tITf 


t 

Figure  6-92A 


514 


1 A! 


PAGE  IS 


MTSC  RF  MODULATOR  for  Ch«nf>#(  3.  4,  w f 


Resistors  ’4-Mrett.  10%  uni«ts  otherwise 
spectfieo. 

fll  R6— 15  000  or>'T'5 

R2  RA  47  000  ohms 

R3  R9 — 2700  ohms 

R5 — 3300  ohms 

R7  Rl2 — 75  ohms 

R6 — 2000  ohms  DOtentiometer 

R9 — too  ohms 

Rio  R’' — -2''0  ohms 

R13 — 3000  ohms 

Capeeitors 

Cl  — 120  of  Qippeo  mica 
C2— 0 ’ ;;F  ceramic  disc 
C3—  33  cei’amic  disc 
C4— 37  pF  dipped  mica 
C5— 2 2l-F  10  volts  electrolytic 
C6— 43  pF  dipped  mica 
C7 — C9 — O^fjF  ceramic  disc 
CIO— 75  pF  dipped  mica 
C11 — IS  fjF  10  volts,  electrolytic 
C12-  1 pF  10  volts  electrovfic 
C13 — 20  pF  20  volts,  electrolytic 
IC1  - 7808  voltage  regulator  -S  volts 
IC2— LM18S9  TV  video  modulator 
IC3— 7903  voltage  regulator  8 vo'ts 
D1— HEP2504  varactor  diode  (Motoroiai 
D2 — 1N4005  diode 
D3 — Zener  diode  6 3 voUs 
LI— tank  coil  08pH  (3  turns  Nc  i6  wire 
air-wound  ' j‘  ID  H"  longi 
L2— adjustable  RF  co>l  7—14  uH  (J  W 
Miller  type  9052) 

L3— 10  pH  molded  RF  chohe 


Figure  6-92B 


515- 


6 . 5 Appendix  to  Section  6 - Interactive  TV  Systems 

The  scope  of  this  report  cannot  consider  in  depth  the  full  implications 

V. 

of  both  reception  of  a digital  TV  carrier,  or  interactive  systems  which  provide 
for  a single  voice  circuit  (or  digital  equivalent)  in  the  up-link. 

Accordingly,  Tables  6-40  through  6-47  are  included  since  they  provide 
tables  of  useful  data,  extracted  from  CX)IR  SG  10/llB  documents  on  a summary  of 
uplinks  power  amplifiers  (compiled  by  the  author)  in  Table  6-41. 
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or 


table  6-40 

rhAracteristlcs  of  PlKltal  and  Frequency-Modulation  Television  Systems* 


System 

Digital  Television 

Frequency-Modu la  t ion 
Television 

Modulation 

Differentially  coded,  QPSK 
modulator,  coherent  QPSK 
demodulator 

Frequency- modular ion, 

12  MHz  peak- to- peak 
deviation,  with  pre- 
and  de-emphasis 

Signal  Bandwidth 
(Transmit  Filter) 

45  MHz  (3  pole,  low 
ripple  Chebyshev  filter) 

20  MHz 

Receiver  Filter 

1 33  MHz,  5 pole,  equalized 
elliptical  filter 

21  MHz,  6 pole,  low 
ripple  Chebyshev 

Audio 

Multiplexed  into  data 
stream 

7.5  MHz  subcarrier,  25 
decibels  below  video 
carrier 

System  Output 
Signal-to-Noise  Ratio 
(unweigb ted) 

45  decibels** 

. 

50  decibels 

* Doc.  USSG-BC/912 

**  subjectively  measured 
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TABLE  6-41 

HPA'S  FOR  14-14.5  GHz 


Tube  Tyge 

Power  Level  (watts 

O W b VA  A S ^ 

AEG-Telefunken 

TWT 

16  W 

Hughes 

TWT 

25-40  W 

MCL , Inc . 

TWT 

25-40  W 

Thomson-CSF 

TWT 

25-40  W 

Varian 

TWT 

25-40  W 

AEG-Telefunken 

TWT 

70  W 

Thomson-CSF  • 

TWT 

125  W 

Hughes 

TWT 

200-400  W 

MCL,  Inc. 

TWT 

200-400  W 

Varian 

TWT 

200-400  W 

Aydin 

TWT 

250  W 

Aydin 

TWT  (in  dev. ) 

400  W 

Hughes 

TWT 

500  W 

MCL , Inc . 

TWT/klystron 

500  W 

Thomson-CSF 

TWT 

500  W 

Varian 

klystron 

500  W 

Aydin 

TWT  (in  dev.) 

600  W 

Aydin 

klystron 

1-2  kW 

MCL,  Inc. 

klystron 

1.5  kW 

Varian 

klystron 

1.5  kW 

Aydin 

TWT  (in  dev. ) 

2 kW 

MCL,  Inc. 

klystron 

2 kW 

NEC 

klystron 

2 kW 

Thomson-CSF 

TWT 

2 kW 

Varian 

klystron 

2 kW 

NEC 

TWT 

3-4  kW 

Hughes 

TWT 

5 kW 

MCL,  Inc. 

klystron 

10  kW 

Varian 

klystron 

10  kW 
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TABLE  6-42 

TYPICAL  12  RHZ  SYSTEM  PARAMETERS 


Parameter 

Unit  1 

rixed  - 

Satellite 

1 Broadcasting  - Satellite 

Communi ty 
Reception 

Individual 

Reception 

a. 

Downl ink 

Satellite  Tran«pond';r 

■Ill 

£nd-of-1ifc  net  power 

to  antenna 

16 

16 

22 

Antenna  diameter 

:.:s  X 

; 0.52 

0.71 

0.50  X 1.0 

Antenna  bean>;idth 

3.5  X 

7 

2.3 

1.7  X 3.3 

Antenna  gain 

30 

36 

36 

On-axis  saturated  eirp 

46 

52 

58 

Rf  bandwidth 

hwz 

36 

25 

18 

Earth-Station  Receiver 

Antenna  diameter 

m 

9.75 

4.88 

3.66 

0.91 

Antenna  beamwidth 

deg 

0.17 

0.34 

0.45 

1.8 

Antenna  gain 

dB 

59 

53 

51 

39 

System  temperature 

250 

250 

500 

500 

On-axis  figure-of 

merit 

dWB/°K 

35 

29 

24 

12 

S;..niink  per  transponder 

LG/T 

dBW/°K 

81 

75 

76 

70 

B. 

Upl 1 nk 

Ea rtr-Staticn  Transmitter 

1 

Net  Power  to  antenna 

dBW 

30* 

30* 

30* 

Antenna  diameter 

m 

9.75 

4.88 

4. 

86 

Antenna  beamwidth 

deg 

0.16 

0.32 

0. 

32 

Antenna  gain 

de 

60.5 

54.5 

54.5 

On-axi$  eirp 

dBW 

90.5* 

84.5* 

84 

.5* 

Eatel 1 ite  Transponder 

Antenna  diameter 

m 

0.44  X 

0.22 

0.44  X 

; 0.22 

Antenna  beamwidth 

deg 

3.5  X 

7 

3.5  X 

7 

Antenna  gain 

dB 

30 

30 

System  temperature 

1200 

1200 

On-ixi$  figure-of 

1 

merit 

dBW/°K 

-1 

-1 

Maximum  uplink  £G,^T 

dBW/  1C 

89.5* 

• 83.5* 

83.5 

a 

’ixafiple  only.  In  practice,  earth-station  power  output  and  eirp  are  adjusted  t? 
match  size  of  carrier.  , 


(Doc.  USSG  BC/829) 
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TABLE  6-43 

PARAMETERS  OF  TYPICAL 
MOBILE  SYSTEM 


FREQUENCY  RANGE 
ANTENNA  DIAMETER 
TRANSMITTED  POWER 
ANTENNA  GAIN 
POLARIZATION 

RECEIVE  SYSTEM  NOISE  TEMP. 


11.7  to  12.2  GHz  (TUNEABLE) 

1.22  m 

7 dBW  (MAX) 

41  dB 

LINEAR  (VERTICAL  OR  HORIZONTAL) 
3000'^K 


TRANSMISSION 


NTSC  COLOR  TV 
MOD  INDEX  =1.2 
RF  BANDWIDTH  = 20  MHz 
EMPHASIS/NOISE  WEIGHTING  = 12.7  dB 
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TABLE  6-44 

PARAMETERS  OF  SATELLITE  SOUND  BROADCASTING  SYSTEM  FOR  COMMUNITY  RECEPTION 


Signal  Parameters 

Frequency  Band 

Audio  Bandwidth 

Type-  of  Modulaticn 

Modulation  Index 

RF  Bandwidth  per  Sound  Channel 

Downlink  Signal -to-Noise  Ratio 

Space  Station 

Antenna  Beamwidth 
Antenna  Gain 

EIRP  for  42  Channel  Aggregate 
EIRP  per  Sound  Channel 

Ground  Receivers 

Antenna  Diameter 
Antenna  Gain 
Systam  Noise  Temperature 
Gain-to-Noise  Temperature 
PFD  at  Beam  Center 


620-790  MHz 

3100  Hz  (300-3400  Hz) 

FM 

6 (+  20.4  kHz  peak  frequency  deviation) 
47.6  kHz 
46.9  dB 


3.5°  by  7° 
31  dB 

37.6  dBw 

21.6  dBw 


3 m 
24  dB 
400  K 
-2  dBw/K 

-144.5  dBw/m^/48  kHz 
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TAFiLE  6-45 

Examples  of  Interactive  Coianunity  Reception 
Voice  Frequency  System  Parameters:  Uplink 


Parameter 

1 

2 

3 

1.  System 

«r 

Frequency  of  carrier  (MHz) 

700 

2600 

14000 

Carrier-to-noise  density  ratio 
(exceeded  for  99X  of  the  worst 
months  (dh-Hz) 

54 

54 

54 

2,  Satellite  Receiving  Parameters 

Antenna  beamwidth  at  -3dB  points 

(degrt  t‘S) 

1.4 

1.4 

1.4 

Antenna  yaJn  at  the  edge  of  service 
area,  relative  to  an  isotropic 
source  (dB) 

38 

38 

38 

1 

1 

Total  receiving  system  noise 
temperature  (K) 

1400 

1400 

1400 

Required  flux  (edge  of  beam)  99X  of 
the  time)  (dBW/m^) 

-162.7 

-151.3 

-136.7 

/ T3 


38 

1400 


38 

2200 


38 

2200 


38 

2200 


■ : 

•<  iti 


-136.7 


-128.2 


-123.7 


-118.3 


■ 


fp 

TABLE  6-45  (cont'd) 

Examplea  of  Interactive  Commui^lty  Heceptlon  Voice  Frequency  Syatem  Parameters;  Uplink 


Parameter 

1 

2 

3 

4 

5 

6 

Total  atmospheric  attenuation  exceeded  for  lesa 
than  lOZ  of  the  time  (dB) 

0 

0 

1 

1 

Additional  free-space  attenuation  (dB) 

2 

2 

Additional  loss  equivalent  to  down-path  noise 
(dB) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Atmospheric  actenuatlon  for  992  of  the  worst 

• 

mor.th  (dB) 

1 

1 

6 

13 

Required  e.l.r.p.  from  earth  station  at  beam 
edye  (dBW) 

0.6 

12.0 

26.6 

28.6 

43.1 

54.6 

3.  Earth  Station  Transmitter 

Antenna  diameter  (m) 

3.4 

3 

1.5 

3.66 

0.8 

0.5 

Antenna  Gain  fdRO 

25 

36 

44 

52 

45 

46 

Loss  in  feed,  filters,  etc.  (dB) 

1 

1 

1 

1 

1 

1 

Required  earth  station  transmitter  power:  (dBW) 

-23.4 

-23.0 

-14.4 

-22.4 

- 0.9 

(W) 

\ 

0.005 

0.005 

0.04 

0.006 

0.81 

B 

EC 


TABLE  6-46 


Examples  of  IntBractivB  Communitu  Reception  V'oice  Freauencu  Sustom  Parameters : Downlink 


System 

Frequency  of  carrier  (MHzj 

Carrier- to-noise  density  ratio 
i>efore  demodulation  (exceeded 


for  99%  of  the  time) 


(dB-Hz) 


Receiving  installation 
Figure  of  merit,  G/T  (dB)^^^‘ 
System  noise  factor  (dB)^^^ 
System  noise  temperature  (K) 


Boise  power  in  a 1 llz  radio- 
frequency  bandi/idth  for  the 
above  noise  factor  (dBB) 

Carrier  powe r requi red  (dUW) 

(7 } 

Antenna  diameter  (m) ' ' 

Receiving  antenna  gain,  relative 
to  an  isotropic  source  (dB) 

Effective  area  of  antenna,  S (m^) 
10  log  S 


5 6 ' 


12,000  12,000  22,750  42,000  85,000 


-15.6 


• .»■ 
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TABIf:  6-47 

Examples  of  Interactive  Coanaunlty  Reception  Voice  Frequency  System  Parameters;  Downlink 


Parameter 

1 

2 

3 

4 

5 

6 

7 ^ 

Required  flux  (edge  of  beam)  (99Z  of  the  time) 
(dB  (W/m) 

-152.9 

-151.9 

-145.9 

-155.2 

-138.6 

-136.1 

-129,6 

Free-space  attenuation  between  Isotropic  sources 
39,000  km  apart  (dB) 

181 

192 

206 

206 

Total  atmospheric  attenuation  exceeded  for  less 
than  12  of  the  time  (dB)  (10) 

0 

0 

1 

1 

Free-space  attenuation  between  Isotropic  sources 
3S,  786  km  apart  (dB) 

210.6 

217 

223 

1 Additional  free-space  attenuation  (dB) 

p4) 

2(1^) 

2(1^) 

Additional  loss  equivalent  to  up-path  noise  (dB) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Atmospheric  attenuation  for  992  of  the  worst  month 

1 

1 

4 

8 

15 

Required  e.l.r.p.  from  satellite  at  bean  edge 
(dBU) 

10.4 

11.4 

19.4 

10.1 

30.7 

37.2 

50.7 

3.  Satellite  transmitter 

Antenna  beamwidth  at  -3  dB  point,  (degrees) 

1.4 

1.4 

1.4 

2.3 

1.4 

1.4 

1.4 

Antenna  gain  at  the  edge  of  service  area, 
relative  to  an  isotropic  source  (dB;)  (12) 

36 

38 

38 

33 

38 

38 

38 

Loss  In  feeders,  filters.  Joints,  etc.  (dB) 

1 

1 

1 

1 

1 

1 

1 

Required  satellite  transmitter  power: 

-26.6 

-25.6 

-17.6 

-26.9 

-6.3 

0.2 

13.7 

(dBW) 

(W) 

0.002 

.003 

.02 

3.002 

0.23 

1.1 

23.4 

OF 


7.0  SYSTEM  COST  CONSIDERATIONS 


7 . 1 Introduci:ton 

This  section  will  address  the  costs  associated  with  broadcast  satellite 
systems  already  in  operation,  or  in  development,  and  will  include  considerations 
of  broadcast  satellite  systems  following  the  WARC-77  requirements  at  12  GHz 
(EIRPas  63-65  dBW,  earth  terminal  G/T  » 8 dB/°K)  and  at  2.6  GHz  and  UHF. 

Not  all  types  of  cost  will  be  considered,  i.e.,  direct- to-user  costs, 
cf'miiiunity  reception  costs,  interai.  ;ive  TV  system  costs,  and  analog  FM  vs  digital 
TV  costs.  Only  direct- to-user  costs  will  be  addressed. 

There  are  many  contributions  to  costs  incurred  in  both  the  ground  segment 
and  the  space  segment.  The  space  segment  costs  can  include  not  only  the  satel- 
lite costs,  and  the  launch  vehicle  costs  but  also  the  on-going  costs  of  operating 
a TT&C  terminal  for  satellite  control.  The  space  segment  costs  can  also  in- 
clude insurance  against  loss  of  satellite,  and  will  also  include  the  costs  of 
manufacture  incurred  on  a yearly  basis  until  the  delivery  of  the  satellite, 
the  cost  of  borrowing  money  where  required,  costs  due  to  paying  orbital  incen- 
tives, and  the  costs  of  maintaining  spares  either  in  space  or  on  the  ground. 

In  all  areas,  space  segment  costs  of  broadcast  satellites  are  similar  if 
not  identical  to  space  segment  costs  of  fixed  service  communication  satellites 
and  will  have  similar  relationships  to  spacecraft  weight  in  orbit  and  spacecraft 
DC  power  and  EIRP. 

In  the  ground  segment,  earth  terminal  costs  for  the  reception  of  television 
are  much  less  expensive  than  the  earth  terminal  counterparts  used  in  fixed 
service  satellite  (FSS)  systems,  TV  receive  terminals  (TVRO  and/or  receive/ 
transmit  terminals)  largely  interface  with  the  user.  Unlike  the  FSS  earth  termi- 
nal which  ustjally  interfaces  with  a PTT  type  telephone  or  data  distribution 
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system,  the  broadcast  satellite  earth  terminal  Interfaces  directly  with  the 
user  in  the  case  of  home -reception  TVRO  systems,  or  provides  the  signal  for  a 
cable  or  direct  rebroadcast  system.  In  either  case,  even  if  an  uplink  is  also 
required,  the  TV  receiving  earth  terminal  is  much  less  complicated  as  has  been 
demonstrated  in  the  preceding  section  and  nuch  lejs  expensive. 

One  feature  relative  to  broadcast  satellite  systems  over  FSS  systems  is 
that  the  use  of  costly  powerful  satellites  in  space  - dominated  by  increasingly 
costly  launch  vehicles  - makes  possible  high  EDIP' s in  the  60-65  dBW  range  at 
12  GHz  which  make  possible  very  inexpensive  (less  than  $1K)  earth  terminals  and 
in  quantities  up  to  10  million,  the  cheap  individual  earth  terminal  costs  makes 
the  space  segment  cost  virtually  "disappear"  into  the  total  system  costs. 

FSS  satellite  systems  have  here-tc-fore  been  built  with  channel  EIRP's  in  the 
30-35  dBW  range  requiring  for  many  years,  10-meter  and  30-meter  antennas  to 
receive  Intelsat  traffic,  and  10-meter  antennas  to  receive  domestic  satellite 
traffic.  This  low  satellite  EIRP  is  a cost  forcing  factor  for  the  earth  segment. 

In  recent  years,  the  use  of  SATCOM  II  and  WESTA.R  at  4/6  GHz  to  relay 
television  programs  for  cable  TV  and  specialized  users  has  given  impetus  to 
the  widespread  use  of  special  3-meter  and  4.5-meter  TVRO  terminals  for  commer- 
cial television  program  reception,  and  with  over  3500  TVRO  terminals  in  use 
in  the  U.S.  as  of  7/1/80  at  4 GHz,  TVRO  terminal  costs  between  $5K  and  $15K 
are  being  realized,  and  deregulation  of  the  reception  from  commercial  TV 
distribution  satellites  has  given  rise  to  a "build-your-own"  backyard  TV  ter- 
minal at  4 GHz  with  costs  quoted  as  low  as  $2K. 
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7.2  Basic  Syatem  Costa  - An  Introduction. 

The  basic  system  costs  mist  consider  both  space  and  groimd  segments  and 
the  use  of  money.  These  aspects  were  succinctly  set  forth  by  W.  Pritchard  at 
IAF-30  in  Munich,  Germany,  in  September  1979,  when  he  wrote  that  the  general 
procedure  to  cost  any  satellite  communication  system  "starts  first  with  identi- 
fying all  the  elements  of  cost  and  the  years  in  which  they  are  going  to  be  in- 
curred. Cost  elements  are  broadly  in  two  categories,  the  lease  or  purchase  of 
hardware  and  the  purchase  of  services,  whether  these  services  be  for  manpower 
or  leased  circuits.  The  effect  of  these  costs  is  very  much  determined  by  when 


they  are  incurred.  Table  7-1  shows  the  principal  cost  elements  of  a space 
communication  system  divided  into  the  aforementioned  hardware  and  service  aspects 
and  also  among  the  space,  ground  and  interconnect  segments  of  the  system.  We 
proceed  by  trying  to  identify  the  outlay  of  money  in  any  particular  year  regard- 
less of  whether  it  is  a capital  outlay,  a periodic  payment  for  service  or  leasing 
facilities  or  an  interest  payment.  In  many  cases,  these  costs  can  be  dete-.mined 
on  the  basis  of  a published  tariff  such  as  for  interconnect  costs  and  services, 
or  on  Che  basis  of  manufacturers'  quotations.  Maintenance  costs  are  sometimes 


estimated  as  a percentage  of  the  hardware  cost  plus  the  costs  of  manpo^rer. 

Ncte  that  a user  can  supply  a service  and  element  himself,  in  which  case  he  has 
a capital  and  cost  outlay  in  particular  years,  or  he  can  lease  the  hardware  and 
purchase  the  service.  The  numbers  entered  in  any  particular  year  obviously 
change,  but  the  method  of  approach  is  identical.  We  always  start  by  identifying 
each  expenditure  in  the  year  in  which  it  is  made.  If  a cost  is  to  be  estimated 
rather  than  taken  on  the  basis  of  firm  quotations,  it  should  be  estimated  in  the 
"present  year"  dollars  and  then  corrected  for  a predicted  inflation  rate.  If  the 


inflation  rate  is  107.  per  year,  then  the  "in  year"  cost  is  related  to  the 
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current  estimate  C by 
0 

C - C (1  +i)" 

0 e 

Occasionally,  for  purposes  of  official  government  estimating  or  for  the 
pricing  of  items  such  as  launch  vehicles,  there  are  official  inflation  rates 
or  tables  to  be  used  along  with  Eq.  (1)  or  Instead  of  it.  Table  7-2  is  a list 
of  inflation  factors  that  have  been  used  by  NASA  in  the  United  States  and  other 
U.S.  Government  agencies  in  recent  years  for  calculating  U.S.  launch  vehicle 
costs.  They  may  change. 

The  most  difficult  part  of  determining  the  elements  (for  a fixed  service 
system)  is  that  of  estimating  the  hardware  costs.  This  is  necessary  for  a 
system  planner  regardless  of  whether  he  proposes  to  buy  this  hardware  or  to 
lease  it  from  another  party,  since  the  lease  costs  normally  also  depend  on  the 
hardware  costs.  The  costs  of  all  the  hardware,  whether  it  be  spacecraft  or  ter- 
restrial, are  a function  of  the  requirements,  that  is  the  traffic  to  be  carried. 
The  traffic  must  first  be  predicted,  its  type,  e.g.,  telephone  data  or  television, 
its  intensity,  that  is  the  number  of  circuits,  and  very  importantly,  the  rate  at 
which  it  is  expected  to  grow, 

Pritchard  has  developed  a cost  matrix  for  a 3-satellite  program  shown  in 
Table  7-3  which  includes  all  aspects  of  systems  costs  listed  in  Table  7-1.  As 
shown,  three  satellites  costing  40  million  dollars  are  acquired;  two  are  launched 
using  Launch  vehicles  each  costing  20  million  dollars.  Earth  stations  of  both 
30-meter  and  10-meter  variety  are  used. 

The  satellite  and  launch  vehicle  costs  used  by  Pritchard  are  typical  costs 
based  on  historical  perspective  for  satellites  such  as  the  Intelsat  satellite 
series,  WESIAR,  described  in  Tables  7-3  and  7-4.  Note  that  these  costs,  expanded 
over  a 10-year  period,  assure  a 3-year  time- to- build,  a satellite  life-time  of 


-529- 


TABLE  7-1 

Estimating  Check  List 


CRIGo'-AL  ! 

OF  POOR  Q ' -lit 


Hardware  Service 

Space  - Satellite  X 

Transponder  X 

Launch  Vehicle  X 

TT&C  X X 

Ground  - Earth  Stations  X X 

Interconnect  X X 


TABLE  7-2 

Planning  Inflation  Rates  (HASA  Shuttle) 


January  1975  (Reference) 

1.0 

July  1978 

1.34 

1979 

1.45 

1980 

1.55 

1981 

1.66 

1932 

1.77 

1933 

1.90 

1984 

2.03 

1935 

2.17 

1986 

2.33 

1987 

2.49 

1988 

2.66 

1989 

2.85 

1990 

3.05 

4 
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TA31E  7-3 

- Program  Cost  Matrix  (3  satellite  program) 


Year  -3 

-2 

-1 

0 

1 

2 

3 

4 

5 

6 

7 

Pay  to  S/C  Manufacture?’ ’^10 

10 

10 

10 

1 

2 

2 

2 

2 

2 

2 

Launch  Vehicle^ 

5 

20 

20 

lunch  Insurance^ 

2 

2 

TT‘4  C - Purchase  Stat.^ 

5 

0 4 M 

2 

2 

2 

2 

2 

2 

2 

2 

Earth  Sta.  (6  Large)® 

5 

10 

10 

5 

0 4 M 7 

1 

3 

5 

6 

6 

5 

6 

6 

Earth  Sta.  (20  Small )^ 

5 

5 

5 

5 

0 4 M 

1 

2 

3 

4 

4 

4 

4 

4 

Terrestrial  Interconnect 

1 

1 

2 

2 

3 

3 

3 

3 

"In  Year"  Totals  10 

IS 

15 

47 

46 

29 

26 

17 

17 

17 

17 

Present  values  14.8 

19.5 

17.1 

47 

40.4 

22.3 

1.6 

10.1 

8.8 

7.7 

6.79 

NPV  (at  15S)® 

212.1 

Level  Cost 

49.5 

49.5 

49.5 

49.5 

49.5 

49.5 

49.5 

NOTES  FOR  TABLE  IV 

1 Payment  to  contractor  of  40M  in  4 equal  payments  before  launch. 

2 2 Satellites  in  orbit  - one  unlaunched  spare. 

3 Launch  Insurance  at  2M/launch  for  both  venicle  and  spacecraft. 

4 Incentives  at  IM/yr.  per  spacecraft  - successful  operation 
after  launch. 

5 TT  i C Sta.  - 5M  and  2M/yr.  operating  and  maintenance. 

6 6 Large  Earth  Sta.  - 5M  and  IM/yr./sta.  0 & M (Incl.  microwave 
relays  to  central  office). 

7 20  Small  Earth  Sta.  IM  and  .2M/yr./sta.  0 i M. 

8 Net  present  value  or  discounted  cash  flow. 
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TABLE  7-4 

rrPICAL  COSTS  for  system  components 
^prY;TS  IN  MILI-TONS  OF  CONSTANT  1975  DOLIAMl 


INTELSAT- IV 

COMSTAR 

WrSTAR 

Spacecraft 

16.2^ 

16.5^ 

10.3^’ 

Booster 

22.5^ 

22.5^ 

15.0^ 

On-Orbit  Cost 

38.7 

39.0 

25.3 

Annual  Satellite  Cost 

7.7 

7.8 

5.1 

Annual  Channel  Cost 

. b4 

.37 

.43 

Large  Terminals  (up  to  30  mete 

.•s)  5.0^ 

3.5^ 

Medium  Terminals  (10  meters) 

3.0^ 

2.0 

0.5 

Small  Terminals  (4.5  meters) 


1.  COMSAT,  annual  report  to  the  President  and  Congress,  1974. 

2.  DCA,  "A  Digest  of  Satellite  Communications  Systems",  Vol.  IV, 
September  12,  1973,  p.  8-56. 

3.  "Hughes  Let  $71.1  Million  Indonesia  Sat  Pacts",  Electronic  News 
February  24,  1975,  p.  22. 

4.  Representative  costs  derived  from  manufacturers. 
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TABLE  7-5 


Sale  1 1 i Lc 


InlL-l&Jl  1 


intels^t  II 


Intelsat  III 


Intelsat  IV 


Intelsat  IV-A 


Intelsat  V 


ilASIt;  OIAKAC.I  i:i  SI  ICS  OC  INIV.ISAI  SAiCU.i  ll.S 


(INILLSAI  I I'llKOlJCII  INn.J.SAl  V) 


Average  (AjsL 


Launc:  h 

Vehii  le 

Cai<uc  i t V 

Le Sale  1 1 _i  t e 

4/6/65 

Aut^uteiitetl 

Delta 

240  Voice 
Circuits 
or  TV 

§ 7,000,000 

10/26/66 

Au^nented 
De  1 ta 

240  Voice 
Circuits 
Ol  IV 

§ 3,600,000 

9/18/68 

Augmented 

Delta 

1200  Vol.e 
Circuits  |)lus 
2 TV  Channels 

§ 0,250. 000 

1/25/71 

At  las  - 
Centaur 

4000  Voice 
Circuits  plus 
2 TV  Channels 

§16,200,000 

9/25/75 

Atlas- 
Centaur  * 

6000  Voice 
Circuits  plus 
2 TV  Channels 

§21,500,000 

Late  1979 

III 

Laily  19b0 

At las- 

< S'li  1 <111 1 , 

.S|>.i<  e 

iT'<lllS|>i>l  1 - 
aii.'n  System 
(SIS)  Ol 
LS/\  ' s Al  1 .iiie 

12,000  Voice 
( ' I 1 < 1 1 1 ( s pill;. 
2 iV  lOl.iiiiii.  1 s 

$28,000,000 

Total  Cost  Satellite 

Cost  ol  Launch  Satellite  Lifetime 

($  ^LS) aiitl  » auiu  h ($  US)  (Vears) 

$ ^,/00,000  $11,70U,0U0  1.5 

$ 4,600,000  § a, 200,000  3.0 

§ 5,750,000  §12,000,000  5.0 

§22,500,000  §38,700,000  7.0 

§26,000,000  §47,500,000  7.0 

§32.000.000  §60,000,000  7.0 


o n 


r 


-w 


7 years,  orbital  incentive  fees,  cost  of  yearly  operation  and  maintenance  of 
both  ground  and  space  segments,  and  the  mc  terminal  and  terrestrial  inter- 
connects. Note  too,  that  even  with  these  costs  which  represent,  by  today’s 
standards,  the  very  low  satellite  and  launch  coats  of  the  mid  1970's,  the 
satellite  and  launch  vehicle  dominate  the  system  coats  with  the  satellite  and 
launch  vehicle  substantially  sharing  this  cost  domination.  However,  this  cost 
is  for  a dedicated  system  with  relatively  few  earth  terminals  and  must  be  se- 
riously re-structured  in  a system  where  terminal-proliferation  can  be  the  domi- 
nating cost  factor.  This  earth  segment  cost  domination  for  high  volume  earth 
terminal  systems  will  hold  true  regardless  of  whether  the  earth  terminals  are 
ovned  by  the  systems,  or  are  purchased  separately  and  contribute  to  paying  system 
costs  either  by  user  subscription  costs  or  by  transponder  leases. 

Actuallv,  the  impact  on  satellite  system  costs  by  large-volume  earth  termi- 
nals is  being  felc  in  U. S.  domestic  satellita  such  as  WESTA.R  and  SATCCXi 
systems,  which  are  used  for  television  distribution.  As  pointed  out  in  Section 
6.1,  more  than  3400  TVRO  terminals  at  4 GHz  with  antenna  sizes  from  3 meters  to 
1C  meters  are  being  uiied  with  typical  costs  ranging  from  around  $15K  for  a 4.5- 
meter  terminal  and  $37. 5K  for  a 10-meter  terminal.  Assuming  a $30K  per  terminal 
cost,  it  is  evident  that  3000  terminals  represent  an  investment  of  $90M  which 
is  comparable  to  the  space  segment  cost. 

However,  in  a broadcast- to-user  broadcast  satellite  system  which  will  use 
large,  high  radiated  power  satellites  and,  say  a system  of  earth  terminals  of 
the  home-user  type,  purchased  at  a rate  of  200,000  per  year,  then  a surprising 
result  is  presented  when  a cost  matrix  of  the  Pritchard  type  is  used.  Assume 
small  home-user  earth  terminals,  each  costing  $1K,  a three-satellite  system 
each  costing  S40M  (Intelsat-V  bus  type),  a $50M  launch  vehicle  of  the  Atlas- 
Centaur  class  and  a ten  year  time  span  with  7 years  satellite  life,  then  the 
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cost  matrix  of  Table  7-6  shows  Chat  the  broadcast  satellite  sys tem  is  totally 
cost-dominated  by  the  earth  segment  - even  with  the  use  of  large  expensive 
satellites  and  laiuich  vehicles. 

t 

7 . 3 Launch  Vehicle  Costs. 

Most  studies  of  broadcast  satellite  systems  before  1978,  and  the  introdr’.ction 
of  the  STS  .space  transportation  system  include  low  launch  vehicle  costs  which 
make  s .ich  studies  virtually  obsolete. 

The  Space  Shuttle  and  its  capability  of  providing  low  cost  launches  into 
low  earth  o/bits  (less  than  160  miles)  initially  led  to  a virtual  discontinuance 
or  early  phase-out  of  the  Atlas-Centaur  and  Delta  class  launch  vehicles  which 
were  the  backbone  of  sate  Hit®  launches  in  the  1960-1970  period. 

With  the  slippage  of  the  Space  Shuttle  and  the  successful  development  of 
both  Europe's  ARLVNE  sponsored  by  ESA,  and  Japan's  N-Rocket,  the  Atlas-Centaur 
and  Delta  class  roc'tcets  are  not  only  being  made  continuously  a-vailable  with  up- 
grades in  load  capability,  but  the  Atlas-Centaur  upgrade  must  be  considered  as 
a very  real  answer  to  the  growing  economic  competitive  threat  of  the  ARL\NE 
rocket  which  is  now  assured  many  European  payloads  and  which  will  carry  some 
Intelsat-V' s . 

In  the  early  1970's,  the  Delta  2914  and  the  Atlas-Centaur  handled  the 
f tellite  payloads  having  geosynchronous  weights  ot  800  lbs  and  2100  lbs  respective 
ly  as  shown  in  Table  7-7.  These  launches  cost  from  $14M  tc  $24M.  In  the  mid 
1970' s,  the  Delta  3910  (sponsored  by  RCA  for  use  with  SATCOM)  and  Delta  3914,  were 
also  developed  and,  with  the  ARL\NE  and  the  STS  system  in  the  development  stage, 
the  spa<  icraft  system  design  was  limited  to  payloads  in  the  800-2100  pound  class 
(300-900  Kg)  by  this  launch  vehicle  availability.  Figure  7-1  illustrates  the 
on-orbit  mass  in  Kg  and  the  primary  power  in  watts  of  most  of  the  satellites 
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TABI£  7-6 

Program  Cost  Matrix  (3  satellite  program) 


Year  **3  ~2  -1 

Pay  to  S/C  Manufacturer^’"*^  30  30  30 

Launch  Vehicle  5 

3 

Launch  Insurance 

IT&C  - Purchase  Stat.^  5 

0 & M 

Earth  Sta.  (6  Large)^ 

0 & M 

Earth  Sta. (6  Transportable) 

g 

TVRO  - 1-meter  - (200,000/year) 

Terrestrial  Interconnect 

"In  Year"  Totals  30  35  35 


0 1 2 3 4 5 6 7 


30 

5 

5 

5 

5 

5 

5 

5 

50 

50 

60 

10 

10 

12 

2 

2 

2 

2 

2 

2 

2 

2 

3 

6 

6 

3 

1 

3 

5 

6 

6 

6 

6 

6 

1 

1 

1 

1 

200 

200 

200 

200 

200 

200 

200 

200 

1 

1 

1 

1 

1 

2 

2 

2 

280 

2 20 

218 

214 

287 

213 

215 

1.  Payment  to  contractor  of  120M  in  4 equal  payments  before  launch. 

2.  2 satellites  in  orbit  - one  spare  launched  in  year  5. 

3.  Launch  Insurance  at  lOM/launch  for  both  vehicle  and  spacecraft. 

4.  Incentives  at  5M/yr.  per  spacecraft  - successful  operation  after  launch. 

5.  TT6cC  Sta.  - 5M  and  2M/yr.  operating  and  maintenance. 

6.  6 large  earth  terminals  - $3M  & IM/yr/sta.  O&M  (incl.  microwave  relays  to 
central  broadcasting  studios  and  offices). 

7.  Transportables  for  providing  remote  up-links. 

8.  1-meter  direct- to-user  12  GHz  terminals  costing  $1K  each. 
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TABLE  7-  7 

Launch  Vehicle  Payloads  - 1976 


Launch  Vehicle 

Synchronous 
Transfer  Orbit 
Payload  (Lb) 

Synchronous 
Eq^latorial  Orbit 
Pa^J^load  (Lb)* 

launch  Cost 
1976  Dollars 

N-Vehicle  (Japan) 

550 

260 

Delta  2914 

1550 

800 

$14.2  M 

Delta  3914 

2000 

930 

$15.0  M 

Ariane  (ESA)* 

3300 

1830 

$25.0  M** 

Atlas-Centaur 

4150 

2100 

$24.5.  M 

* Not  tested  until  1979 
**  Assumes  AKM 
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built  and  launched  or  designed  for  launch  during  the  era  of  the  1970' s showing 
the  upper  mass  level  of  one  thousand  kilogram  and  the  dc  power  level  of  one  KW 

of  these  satellites. 

Figure  7-2  shows  the  launch  vehicle  history  and  availability  during  the 
next  six  years  as  set  forth  by  C.  L.  Cuccla  and  R.  J.  Rusch  at  the  AIAA  8th 
Communication  Satellite  Systems  Conference  in  April  1980,  showing  the  Atlas- 
Centaur  and  Delta  3910,  the  Delta  3920  which  will  be  available  in  1982,  and 
the  upgraded  Atlas-Centaur  whose  load  capability  is  being  increased  to  almost 

5000  pounds. 

Any  new  user  or  designer  of  a space  comnunication  system  which  requires  a 
launch,  simply  cannot  achieve  a reservation  on  a STS  launch  until  1986  and  must 
rely  on  the  Delta  3910,  Delta  3920,  At las -Centaur,  and  the  ARIANF  vehicles  to 

provide  that  launch. 

On  May  30,  1980,  a STS  Users  Conference  was  held  at  Cape  Kennedy  by  NASA 
at  which  the  new  costs  of  the  two  Delta  vehicles,  and  the  Atlas-Centaur  were 
disclosed.  These  costs  plus  the  costs  published  in  1980  for  ARLENE  are  listed 
in  Tables  7-8  through  7-11. 

Note  that  the  wide  disparity  between  launch  vehicles  has  virtually  dis- 
appeared. The  Delta  3^20  cost  of  $37.65M  is  not  too  far  from  the  Atlas-Centaur 
cost  of  $43M  or  the  ARLANE  cost  of  $41. 2M.  Thus  a $40M  + 5M  cost  for  a launch 
vehicle  depending  on  year  of  inflation  and  cost  of  money  will  be  the  baseline  for 
launching  any  new  communication  satellite  into  geostat ionary  orbit  until  1987, 
regardless  of  the  on-orbit  satellite  weight  required.  This  is  an  important 
consideration  for  broadcast  satellites  since  the  size  and  complexity  of  such  a 
satellite  wil^  not  significantly  mitigate  against  its  launch  cost. 
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TABLE  7-8 


Expendable  U. S.  launch  Vehicles 
1980-1985 


Delta  3910 

Delta  3920 

Atlas/Centaur 

Launch  Vehicle 

$27.4  M 

$32.4  M 

$43-45  M 

Upgraded  Charge 

1.25  M 

1.25  M 

PAM-D  Including  Optional 
Services 

4.0  M 

4.0  M 

Total  Cost 

$32.65  M 

$37.65  M 

$43-45  M 

Payload  Weight  into 
Synchronous  Transfer 
Orbit 

2400  lbs 

2750  lbs 

4800  lbs 

Cost/Lb.  into  Transfer 
Orbit 

$13,100 

$13,250 

$9,200 
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TABLE  7-9 


Uprated  Delta  Laxmch  Vehicle  Price  by  General  Dynamics 


1982 

1983-84 

Standard  Delta  3910 

25 

27.5  - 28.75 

3910  Surcharge 

1.25 

1.25 

PAM-D 

2.5 

2.75  - 2.88 

Up rate  Hardware 

2 

.5 

2.5 

Uprate  Non-Recurring 

0.5 

- 1.5 

0.5  - 1.5 

Total  for  STS  Users 

31.75 

- 32.75 

34.5  - 36.75 

Charge  for  Non-STS  Users 

1 

- 1.7 

1 - 1.7 

Total  for  Non-STS  Users 

32.75 

- 34.45 

35.5  - 38.45 

OF  r 


table  7-10 

ARIANE  launch  Vehicle  Price  as  of  1 July  1980 


1978  Francs 
(Millions) 

1979$ 

(Millions)* 

1980$ 

(Millions) 

1983-84 
launch  Cost 
Millions) 

Pull  ARIANE 

140 

34 

36.7 

41.2  - 44.5 

Shared  ARIANE  (ESA  finds 
compatible  payload) 

75 

18 

19.4 

21.8  - 23.6 

* Based  on  Oct  1979  exchange. 


TABLE  7-11 

ARIANE  Proposed  Financing 

French  financing  (&0Z  of  launch  cost) 

o 407,  (of  607,)  at  3.57.  interest 
o 10  year  grace  period 
o 25  year  amortization 
o Balance  at  approximately  87, 

German  financing  (40$  of  launch  cost) 

o No  commitment  but  expected  to  be  eq*jal 
to  or  better  than  French 
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7.3.1  Considerations  of  Shuttle  Launch  Costs. 

The  Space  Shuttle's  total  capacity  in  weight  and  volume  is  much  greater 
than  that  required  for  most  geostationary  satellite  systems.  NA.SA  has  establish 
ed  a pricing  policy  that  permits  the  purchase  of  a part  of  the  Space  Shuttle 
capacity,  with  the  price  for  sharing  the  capacity  as  set  forth  in  the  NASA  Space 
Transportation  System  Reimbursement  Guide,  JSC- 11802  dated  May  1980. 

The  price  charged  to  users  for  standard  Space  Shuttle  transportation  will 
be  based  on  estimated  costs  accrued  over  a 12-year  period.  This  price  will  b« 
fixed  (except  to  adjust  for  inflation)  for  flights  in  the  first  3 full  fiscal  - 
years  of  STS  operations.  Subsequently,  the  price  may  be  adjusted  anmaally  to 
ensure  that  total  operating  costs  are  recovered  over  a 12-year  period. 

The  prices  listed  are  based  on  1975  dollar  values  unless  otherwise  noted. 
Escalation  for  inflation  will  be  computed  according  to  the  Bureau  of  Labor 
Statistics  index  for  the  private  business  sector,  all  parameters:  productivity, 

hourly  compensation,  unit  labor  cost,  and  prices  seasonally  adjusted. 

A shared- flight  user  will  pay  a percentage  of  the  dedicated- flight  price. 
The  price  for  all  payloads  is  based  on  launch  weight  or  length  and  is  calculated 
as  follows: 

1.  To  calculate  a weight  load  factor,  the  user  should  divide  Che  payload 
weight  (including  upper  stages,  flight  kits,  support  eq^aipraent,  etc.) 
by  the  total  Shuttle  payload  weight  capability  at  the  desired  inclina- 
tion. Standard  orbit  inclinations  are  offered  to  users  for  flights 
originating  from  the  Eastern  Test  Range  (KSC  launch).  These  inclina- 
tions and  corresponding  weight  capabilities  are  listed  below: 


Launch 

Incl inat ion, 

Altitude, 

Weight  Capability, 

S ite 

Deg. 

n.ml. 

Lb  (Kg) 

KSC 

28.5 

160 

65,000  (29,484) 

KSC 

57 

160 

56,000  (25,401) 
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2.  To  calc-alate  an  approximata  length  load  factor,  tha  user  should  divide 
the  payload  length  (Including  upper  stages,  airborne  support  equipment, 
rotational  clearance,  etc.),  plus  6 Inches  (15.2  centimeters)  nominal 
for  dynamic  clearance,  by  the  length  of  the  cargo  bay,  720  Inches 
(1829  centLraters) . The  actual  dynamic  clearance  will  be  used  for 
final  billing. 

3.  To  determine  a charge  factor,  the  user  should  now  divide  the  load  factor 
(length  or  weight,  whichever  is  greater)  by  0.75.  However,  the  effec- 
tive charge  factor  is  never  greater  than  1.0. • 

4.  To  determine  the  price  for  his  payload,  the  user  should  iniltlply  the 
price  of  a dedicated  flight  (plus  a use  fee,  if  applicable)  by  the 
calculated  charge  factor. 

The  payload- sharing  nomographs  (Figure  7-3)  are  provided  to  help  a user 
quickly  determine  the  approximate  price.  A standby  user  will  receive  a discount 
of  20  percent  of  the  calculated  shared  price. 

7-4  Spacecraft  Costs. 

During  the  past  few  years  cost-estimating  models  have  been  developed  based 
on  components  and/or  major  subassemblies  (Fong,  1977;  Bekey,  1978).  The 
advantages  of  such  models  are  that  they  give  a more  accurate  description  of  a 
given  subsystem  and  that  they  can  take  into  account  tha  development  status  of 
particular  components.  The  disadvantage  of  these  models  is  that  they  cannot 
be  applied  to  advanced  concept  satellites  where  there  is  Insufficient  information 
about  the  subsystems  (assuming  they  agree  on  subsystem  definitions). 

Satellite  development  (non-recurring)  costs  appear  to  be  the  most  sensitive 
to  program  peculiarities  while  production  (recurring)  costs  are  less  sensitive 
and  are  much  better  estimated  by  all  the  cost  models.  Recent  studies  (Dryden 
and  Large,  1977),  suggest  tliat  cost  models  should  not  be  used  mechanically. 
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While  the  models  themselves  differ  sharply  and  give  different  results,  neverthe- 
less all  appear  to  agree  that  the  most  important  variable  is  weight  and  that 

OttlGlT  V33Ti£lblfiS  dT6  USCful< 

7.4.1  Simple  Cost  Model. 

It  is  not  possible  to  determine  at  satellite  costs  by  a quotation  from  a 
manufacturer,  particularly  in  the  planning  stages.  If  parametric  studies  for 
optimization  are  to  be  done,  it  is  important  to  be  able  to  estimate  a satellite's 
cost  from  its  principal  characteristics.  IJumerous  cost  models  have  been  develop- 
ed for  calculating  costs  given  weight  and  power  estimates. 

On-orbit  weight  is  a good  cost  driver  since  all  the  desired  performar.ce 
features  affect  S/C  weight,  including  especially  primary  or  radiated  power.  A 
simple  formula  for  guessing  the  on-orbit  weight  in  kg.  of  a satellite,  given 
its  total,  power  in  watts  \s: 

This  equation  is  plotted  in  Figure  7-1  with  a number  of  existing  satellites 
indicated  to  give  an  impression  about  the  goodness  of  fit.  The  weight  then 
determines  the  choir  ■*.  of  launch  vehicle 
7.4.2  The  SA^O  Cost  Model. 

one  of  the  most  detailed  cost  models  to  estimate  satellite  costs  was  that 
of  the  U.S.  Air  Force  several  years  ago  (SAMSC  - Fourth  Ed.  1978).  Its  use 
requires  a ':cnowledge  of  the  weights  of  the  sub-systems,  primary  powers  and  a 
variety  of  other  characteristics.  A simplified  expression  derivable  from  that 
model,  as  presented  by  W.  Pritchard  at  L\F-?0  is: 

NRE  * 5035  + 50(l-u)W  * T367u^'^^W°'^^ 

C,  = ’.27  - 
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The  equation  gives  che  non-recurring  costs  NSE  of  a spacecraft  of  total 
orbit  mass  W in  kg.  and  a fraction  of  this  mass  u devot«^d  to  die  coranunications 
and  antenna.  is  the  cost  of  the  first  production  unit  of  the  same  spacecraft. 
These  costs  are  In  1976  dollars.  These  estimates  yield  $55M  for  NRE  and  $22. 7M 
for  the  first  production  unit  of  Intelsat-V  - consistent  enough  with  the  contract 

to  have  been  adequate  for  planning. 

The  simplified  "learning  curve"  from  which  the  coat  of  subsequent  models 
can  be  ectimated  is  that  given  by  T.  P.  Wright  (1936).  The  cumulative  average 
cost  G for  N units  is  given  as: 


C 

n 


Tf  one  assumes  that  doubling  the  quantities  results  in  a reduction  in  unit  cost 
to  pC^  then  the  total  cost  is  given  as: 


■n 


log 


log. 


A freqientl'v  used,  and  emperically  justified  value  of  p is  0.8  - then; 

0.68 

T = C,N 
n 1 

This  model  yields  the  manufacturers  costs.  If  the  satellite  were  purchased  at 
the  cost  to  the  buyer,  it  would  be  augmented  by  an  assumed  profit.  Many  space- 
craft are  sold  virtue..  / at  cost  with  the  manufacturer  taking  a delayed 
profit  in  the  form  of  incentive  payments  spread  over  the  satellite's  operation 

in  orbit. 
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7.4-3  The  DCA  Cost  Model. 


An  algorithm  was  generated  fur  the  estimation  of  the  costs  of  conmunica- 

tion  satellites  by  DCA*  in  1973.  This  algorithm,  based  on  satellite  weight, 

is  plotted  for  boi''  •••  ing  and  non-recurring  costs  in  Figure  7-4  and  includes 

the  known  costs  of  many  medium  satellites,  showing  the  excellent  correlation 

involved.  These  costs  are  based  on  the  following  equations  where  and  are 

the  non-recurring  and  recurring  costs  respectively  and  W is  the  satellite 

P 

weight  in  kilograms. 

C,  = 4.145  X 10^ 

^ P 

C = 6.40  X 10^ 

R p 

These  curves  were  developed  by  Professor  David  Staelin  and  Dr.  R.  Harvey 
for  NASA  Contract  5-25091**- 
7.4.4  The  Canadi?:t  Astronautics  Cost  Model. 

In  the  April  1980  issue  of  Satellite  Communications,  two  members  of 
Canadian  Astronautics  of  Canada,  i.e.,  W.  Payne  and  D.  T.  Tong,  published  a 
description  of  a new  computer  program  for  communications  satellite  cost  and 
mass  modeling  to  aid  system  engineers  to  make  trcde-offs  in  top  system  parameters. 
It  is  described  as  differing  from  previous  cost  models  in  that  no  apriori  know- 
ledge of  spacecraft  configuration  is  required.  It  also  derives  spacecraft 
cost  on  a subsystem  by  subsystem  basis  rather  than  a single  para.teter  such  as 
mass  or  power. 


* DCA,  "MILSATCOM  System  Archito 'ture'*,  Annex  G Cost  Modils,  Military  Satellite 
Comraupication  Systems  Off-  -.fense  Communtc  tions  .Agency,  Washington,  D.C. 

(.March  1976). 


**"Future  Large  Broadband  Switched  Satellite  Communications  Networks",  Research 
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Figure  7-4 

DGA  Model  tor  Recurring  ana  Non-Recurring  Spacecraft 
Costs  in  1979  Dollars 


Tables  7-11  and  7-12  show  respectively  a cost  model  derived  by  Payne  and 
Tong  for  a hypothetical  satellite  called  "Typicalsat",  and  typical  satellite 
costs  provided  by  the  computer  as  compared  to  published  costs.  The  agreement 
is  excellent,  and  it  is  evident  that  this  computer  model  is  a useful  tool  for 
trade-offs. 

7.4.5  The  Ford  Aerospace  and  Communications  Corporation  (FACC^  Cost 
Estimation  Model. 

In  1978-1980,  M.  Baker,  Jr.  and  S.  Melachrinos  of  FACC  devised  a computer 
program  for  estimating  spacecraft  weight  and  cost  based  on  a modified  version 
of  the  SAMSO  spacecraft  cost  model.  This  computer  model  has  been  designed  to 
provide  systems  engineers  a tool  to  estimate  S/C  sizes  and  costs,  and  the  effect 
of  increasing  or  decreasing  communications  capability  on  size  and  cost  when 
performing  system  level  definition  and  trade-offs.  The  model  is  limited  to 
communication  payloads  or  payloads  that  are  equivalent  for  estimating  size  and 
costs  although  the  S/C  parameter  estimates  can  be  used  for  sizing  any  type  of 
spacecraft.  The  model  is  limited  to  3-axis  S/C  and  the  use  of  the  STS  as  a 
launch  vehicle*.  The  FACC  cost  estimation  model  is  provided  in  Appendix  A. 

The  SAMSO  statistical  base  does  not  include  S/C  on  the  4-7,000  lb.  category. 
There  is,  therefore,  some  question  to  its  validity  when  extended  to  this  category 
of  S/C.  FACC  has  examined  relatively  detailed  S/C  designs  in  this  range  and  has 
concluded  that  the  SAMSO  model  can  be  extended  to  this  range  and  may  be  valid 
within  the  basic  overall  validity  of  the  original  SAMSO  model.  Application  of 
this  cost  model  to  S/C  greater  than  7,000  lbs.  on  orbit  and  especially  those 
S/C  which  might  be  assembled  on  orbit  is  not  valid. 

The  estimated  S/C  subsystem  weights  and  power  are  re-arranged  to  fit  the 
SAMSO  Cost  Estimating  Relationship  (CER)  parameters  and  Basic  Cost  Estimates  at 
the  subsystem  level  are  generated  using  an  FACC-modif led  version  of  the  SAMSO 
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TABLE  7-11 

Conununication  Satellite  Cost  Model  by 
Canadian  Astronautics,  Ltd. 

Model  Natoe;  Typical  sat 
Damonstratlon  run  version  02A  February.  1980 


System  Parameters  Summary 

o launch  in  1932  on  a shuttle  luanch 
vehicle  with  a SSUS-D  upper  stage 
o System  has  4 spacecraft  comprised  of: 

2 In  orbit  operating 
1 in  orbit  spare 
1 on  ground  spare 

o Spacecraft  design  life  is  8.0  years 
o Spacecraft  mass  Is:  327  KG 

of  which  payload  is:  65  KG 

bus  is:  262  KG 

o Payload  length  is  8 ft. 

o Program  cost  is  91.234  million  dollars 


Total  Cost  Summary  - 1978  U.S.  Dollars 


Costs  (Thousands  of  $) 

S/C  Program  Costa 

Hardware  Costs 
S/C  Integration 
Mgmt.  and  Sys.  Engineering 
Mission  Analysis 
T&L 
Pro:.  It 

Sub-tota  1 

Launch  Costs 

Upper  Stage  Costs 
Launch  Vehicle  Costs 

Sub- total 

Program  Total 


o 3-axis  stabilized  spacecraft 

with  extendable  rigid  solar  panels 
equipped  with  black  solar  cells 
o Hydrazine  mono propellant  ausiliary 
propulsion 

o Nickel  cadmium  battery 
o Conventional  structure  design 
o Antenna  types  used: 

Precision  parabola  1.096  diam(M) 
o Power  requirements  (watts) : 

343  Beginning  of  Life 
269  End  of  Life 
269  Eclipse 


Launch  in  1982 


Non- Recur. 

Recur. 

Overall 

8244 

7794 

39421 

1566 

1481 

7490 

981 

928 

4691 

1000 

200 

1800 

75 

250 

1075 

1079 

1020 

5160 

12946 

11673 

59637 

1662 

2295 

10342 

320 

5109 

20755 

1982 

7404 

31597 

14928 

19077 

91225 

TABLE  7-12 


Typical  Satellite  Costs  Provided  by 
Canadian  Astronautics,  Ltd. 


Program 

Mass  (kg) 

Published  Cost 

Computer 
Base  Yr. 

Derived  Cost 
Cost 

ANIK-A 

297 

35 

71 

35 

ANIK-B 

466 

24 

76 

27.6 

ANIK-C 

548 

67 

78 

64.1 

SBS 

545 

50  + Bonus 

73 

49.6 

MARISAT 

326.2 

48 

77 

48.3 

Japan  BSE 

352 

? 

-s 

24.5 

1 2 

CER' s ’ . Weighted  complexity  factors  are  then  generated  and  applied  to  the 
Basic  Estimates  to  arrive  at  the  cost  estimates  for  the  derived  S/C.  Both  non- 
recurring costs  and  recurring  (First  Unit  Costs)  costs  are  generated  includi ig 

a 

Management  and  Support,  prototype  refurbishment  (where  required)  and  total  s )ace 
segment  costs  including  profit  and  on-orbit  incentives,  transfer  orbit  system 
costs,  and  STS  costs. 

Using  the  payload  weight  and  power  as  inputs,  the  model  generates  estimates 

fo. : 

o Structure  Weight 
o TT&C  Weight  and  Power 
o Attitude  Control  Weight  & Power 
o Propulsion  Weight 

o Electrical/Mechanical  Integration  Weight 
o Thermal  Weight 
o Electrical  Power  Weight 
o Number  of  Cells  in  the  Array 
o EOL  & BOL  Power  (equinox) 
o On-Orbit  Fuel  Weight 
0 S/C  On-Orbit  Weight 
o S/C  Launch  Weight 
o Transfer  Orbit  System 

These  extimates  are  all  based  on  FACC  experience. 

An  illustrative  satellite  design  for  cost  estimation  has  the  hypothetical 
parameters  listed  in  Table  7-13.  What  is  significant  is  the  use  of  6 antennas 

1.  Franklin  Fong,  et  al,  SAMSO  Unmanned  Spacecraft  Cost  Model,  Updated  Cost 
Estimating  Relationships  & Norma lizat ion  Factors  (An  Interim  Report),  Cost 
Analysis  Division,  Hq.  S.\MSO,  January,  1977. 

2.  Christopher  J.  RoK/er,  ct  al,  SAMSO  Unmanned  Spacecraft  Cost  Model,  Third 
Edition,  Cost  Analysis  Division,  Hq.  SAMSO,  TR-75-229,  August  1975. 


TABLE  7-13 
Model  Parameters 


o Geostationary  spaoecraft 

o Number  of  flight  S/C  ■ 3 

o Number  of  on-orbit  S/C  ■ 2 

o Government  spacecraft,  standard  cost 

o Base  year  * 1984 

o Mission  duration  * 10  years 

o Average  annual  inflation  rate  ■ 0 

o S/C  length  » 15  meters 

o Comm  s/s  weight  » 600  pounds 

o Consn  S/S  power  = 2500 

o RF  power  » 1000  watts  total 

o Highest  coram  frequency  * 15  GHz 

o Highest  RF  power  level  = >40  watts 

o Number  of  active  power  amplifiers  = less  than  10 

o Number  of  frequency  bands  » 2 

o Number  of  antennas  ■ 6 or  more 

o Multiple  spot-beam  antennas  single  reflectors 

o 10  feeds/  I antenna  reflector 

o Basic  TT&C 

o Max.  TI6eC  rate  * up  to  100  kbps 
o No  spacecraft  processing  on  memory 
o ACS  parameters  - model,  inertial  reference 
o Pointing  control  - open  loop 
o Input  pitch  pointing  accuracy  - 0.05  degrees 


of  the  HMltiple  beam  variety,  the  RF  power  of  1000  watts  and  a conanun lea t Ions 
subsystem  power  of  2500  watts.  This  satellite  can  use  four  250-watt  IWTA,  or 
six  150-watt  WT  to  produce  six  or  four  transmit  contoured  beams  respectively. 
The  output  of  the  computer  model  is  listed  In  Table  7-14  showing  a flight  model 
cost  of  31  million  dollars  per  spacecraft  and  an  STS  cost  of  52  million  dollars. 
The  total  program  cost  for  these  spacecraft  is  around  235  million  dollars.  The 
pertinent  spacecraft  parameters  are  listed  in  Table  7-15  as  derived  from  the 
format  of  Table  7-16  used  for  Table  7-14;  more  complete  definitions  can  be 
obtained  from  the  Appendix  A. 

7.4.6  Satellite  Cost  Versus  Various  Parameters. 

In  these  paragraphs  we  will  explore  the  impact  of  weight,  primary  power, 
capacity,  antenna  complexity,  RF  power  and  pointing  iccuracy  on  satellite  cost. 
In  these  considerations,  it  is  important  to  realize  that  only  three  launch 
vehicles  '.'ill  be  available  for  new  spacecraft  designs  until  at  least  mid  1986 
and  therefore  the  spacecraft  designer  is  essentially  limited  to  the  launch 
weights  and  costs  of  the  Delta  launch  vehicles  3910  and  3920,  Atlas-Centaur, 
and  Ariane  I,  II,  and  III.  These  launchers  all  cost  in  the  neighborhood  of 
40  million  dollars  and  therefore  the  spacecraft  designer  must  largely  choose 
between  spacecraft  launch  mass  weights  of  2500  lbs  or  4800-5000  lbs.  The  STS 
with  SUSS-A  will  largely  continue  the  Atlas-Centaur  capability. 

Given  these  launch  weight  capabilities,  then  we  can  make  the  following 
generalizations  relative  to  spacecraft  costs. 

7 . 4 . 6 . 1 Satellite  Cost  vs.  Mass  Weight. 

Each  of  Che  computer  models  previously  described  showed  that  spacecraft  or 
satellite  weight  is  a principal  cost-determining  factor.  Figure  7-5  repeats  a 
portion  of  the  DCA  computer  model  output  for  recurring  costs  showing  how  the 


delta  VI  ■ 24S£.^S  DELTA  V2  - 1830.70  IVSEC 

con  UIT  - 600.0  LBS  TTC  UT  - 49.6  LBS 

ACS  UT  - 171.7  LBS  EPS  UT  - 419.8  LBS 

BOL  - 4358. a UATTS  BUS  UT  - 1417.5  LBS 

ON-ORBIT  FUEL  UT  - 357,3  LBS  

S/C  ON-ORBIT  UT  - 2374.7  LBS  S/C  LAUNCH  UT  • 18034.7  LBS 

PERIGEE  nOTOR  2 UAS  CHOSEN 


See  Tables 

7-15,  7-16 
for' 
Foraat 


STANDARD  COSTING  FORIAT  (DOLLARS  IN  THOUSANi,^) 

NUnro?  OF  S/C  - 3 NUn^R  OF  W-ORBIT  S/C  ■ 2 

R+D  COST  - S 26643.2  PROTOTYPE  COST  • * ^164.6 

TOTAL  NON-RECURRINC  COST  - S 65807.8 

PROTOTYPE  REFURB  COST  • $10766 . 3 FIRST  UNIT  COST  ■ *31331 .7 

FLIGHT  MODEL  COST  - $ 62663.4  ON-ORBIT  INCENTIVES  - $ 27847.5 

S/C  STORAGE  COST  - $1500. 0 

TOTAL  S/C  COST  ■ $168585.0 

PM  COST  - $15000.0  STS  COST  ■ $51777.2 

TOTAL  PPOGRATi  COST  - $235362.2 

year  1 COST  - $ 36829.3  0 S/C  LAUNCHED 

YEAR  2 COST  - $ 63099.7  0 S/C  LAUNCHED 

YEAR  3 COST  - $ 59540,7  0 S/C  uAUNOCD 

YEAR  4 COST  - $ 19720.7  2 S/C  LAUNCHED 

YEAR  5 COST  • $ 2934.3  0 S/C  LAUNOCD 

VE/R  6 COST  • $ 2334,8  0 S/C  LAUNCHED 

year  7 COST  • $ 2934.8  0 S/C  LAUNOED 

year  8 COST  • $ 2934,8  0 S/C  LAUNOP'D 

YEAR  9 COST  • $ ^34.8  0 S^C  LAUNOCD 

YEAR  10  COST  • S 2934.8  0 S/C  LAUNCHED 

year  11  COST  ■ f 6386.6  0 S/C  LAUNO-ED 

YEAR  12  COST  - S 12338.4  0 S/C  LAOOED 

year  13  COST  - $ 12338.4  0 S/C  LAUNCHED 

YEAR  14  COST  • $ 1500  0 1 S^C  'J4JSCHED 


DO  YOU  WANT  A COMPLETE  LISTING  OF  THE  BASELINE? 
THIS  LISTING  IS  WITHOUT  HEADINGS.  1«YES.2»N0 


600.0 

49.6 

293.7 

171.7 

419.8 

71.4 

81.6 

63.1 

266.5 

1417.5 

357.2 

2374.7 

10096.2 

18034 , 7 

0.0 

1763,7 

3800.0 

5 

8.0 

15.0 

3.0 

29054.8 

3030.0 

4358.2 

2500  0 

T000 . 0 

— P.P  Power 

* See  Tables  7-22  and  7-23  for  RP  power  comparison. 
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TABIZ  7-15 

Parameters  Printed  by  Baker-Melachrino  Coat  Model* 

Table  7-14 

Gs'T  * Comm  S/S  weight 600 

EIW  ■ Electrical  integration  weight 81.6 

TOnv  ■ Total  fuel  weight  (apogee  motor  + perigee  motor  fuel) 10,096 

PML  ■ Perigee  motor  lengtn 8 

C5WR  » COTtm  s/s  DC  power 2500’ 

TTCW  - TT&C  S/S  weight 49.6 

SIW  ■ Structural  integration  weight 63.1 

SCIWT  ■ S/C  launch  weight 18034.7 

SCL  ■ S/C  length 15 

TRFP  ■ Total  RF  power  (sum  of  power  amplifiers) 1000 

STRW  ■ Structure  weight 293.7 

PRPW  “ Propulsion  S/S  weight 266.5 

XNRTl  ■ Inert  weight  of  external  apogee  motor 0 

XSC3  * Number  of  batteries 2 

ACSW  » ACS  weight 171.7 

BSWT  • Spacecraft  bus  weight 1417.5 

XNRT2  » Inert  weight  of  perigee  motor  system .....1763 

XCLS  • Number  of  solar  cells ..29055 

LPSW  =•  Eps  weight 19.8 

OOFW  « On-Orb  It  fuel  weight 357.2 

CLDM  - STS  cradle  weight 3800 

T3PR  ■ Total  bus  power 3030 

THSW  « Thermal  weight 71.4 

SCGWT  - S/C  on-orblt  weight.  . 2374.7 

PMX"  = Perigee  motor  indicator 2 

30L  * Beginning  of  life  solar  array  output 4358 

* Format  shown  in  Table  7-16. 
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OUAUTY 


'£ABLE 

7-16 

UHEN  A 

COMPLETE 

LISTING 

OF  PARAMETERS  IS 

PRINTED, 

THEY  ARE 

IN  THE 

FOLLOMING 

FORMAT 

(SEE  USER'S 

GUI  or 

FOR  DEFINITIONS) 

CUT 

TTCW 

STRW 

ACSU 

EPSU 

THRW 

e:u 

SIN 

PRPW 

B8HT 

OOFU 

SCOWT 

TOTFW 

SCLWT 

XNRTl 

XNRT2 

CLDU 

PMX 

PML 

SCL 

XSCB 

XCLS 

TBPR 

BOL 

CPMR 

TRFP 

iNYiL»*rz*-  y 
tmiAT*  X 

COMTTAy^  ^LTIATCOM 
iMTjusAT  or***  X 

INTlUlATia*  X 

mx 

oion* 

MunoTS*  X^«  •** 

XlCA**Nnr,  8 

iA^AN  CS,  ,...M  M 

MANI8AT*  ^;«ATonx  •**^*M«« 

*AUk^*i  X OTl/ICI 
WtSTAA  1 X 

ANiX  **_  X 
IXVNiTMy^ 

SYMTHONIB  X 


300  400  900 


2000  3000 


PRIMARY  rOWER  (w«ral 


^/pLTSAT 
^nNTELSAT  H A 
X^lNTELSAT  ISC 
^ A TACSAT 
DSCS  H 


XjsjATO  H 
^KYNET  IE 


LES  6 


I ! 1 LiJ 


SATELLITE  WEIGHT  ON  GEOSYNCHRONOUS 

ORBiT  (Hg) 


FIGURJl  7-5 
DCA  Model  for  Recurring  ■ 


in  197  9 Doll^^® 

Soacecraft  Costs  in 


_L  i L JJ  Li 


costa  of  a number  of  modem  satellites  conform  to  the  DCA  recurring- cost  equation; 
the  Figure  7-5  also  repeats  the  mass  vs . primary  do  power  curve  described  earlier 
showing  the  relatively  consistent  relationship  of  almost  1:1  betr/een  mass  in  orbit 
in  thousands  of  KG's  and  thousands  of  primary  power  in  watts  for  most  satellites. 

Figure  7-S  predicts  that  a satellite  having  an  on-orbit  dry  mass  (apogee 
kick  motor  expended)  of  around  1000  KG  will  cost  around  40  million  dollars.  It 
It  also  shows  that  a large  satellite  weighing  around  2500  KG  in  orbit  will  cost 
around  100  .million  dollars. 

Tables  7-17  and  7-18  illustrate  the  difference  in  final  orbit  weight  - 
which  must  also  include  the  weight  of  the  bumed-out  apogee  motor  in  ."’ddition  to 
the  structure,  antenna,  communications  system,  telemetry  and  controls,  electri- 
cal power,  and  mechanical  integration  weight  making  up  the  spacecraft  mass. 

Table  7-17  illustrates  the  SBS  payload  weight  budget  for  an  STS  launch  illus- 
trating largely  the  perigee  motor  propellant  and  hardware  and  the  cradle  system 
mass  which  must  also  be  lifted  into  orbit.  The  Intelsat-V  weight  summary  of 
Table  7-18  shows  the  breakdown  of  the  1869  Kg  mass  weight  which  the  Afclas-Centaur 
must  lift.  The  final  Intelsat-V  dry  mass  in  final  orbit  is  a little  greater  ti.an 
one  thousand  kilograms. 

Tables  7-19,  7-20  and  7-21  list  the  weight  su.mniaries  fcr  Intelsat-V, 

Japan  BSE,  and  the  German  TV-SAT  showing  that  the  percentage  of  satellite  weight 
devoted  to  communication  payload  is  around  207,  while  the  antenna  weight  is 
around  8%.  In  order  to  increase  capacity  spacecraft  structure  and  other  payload 
weight  must  be  transferred  to  antenna  and  coninunication  payload  weight  budgets. 
Figure  7-6  shows  how  as  the  spacecraft  dry  mass  increases,  the  payload  percentage 
of  dry  mass  inci.eases  thus  giving  credence  to  very  large  satellites  or  space 
platforms  and  orbiting  antenna  forms  (CAF)  as  proposed  by  Jaffe  and  Fordyce, 
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TABLE  7-17 

Nominal  SBS  Pavload  Weight  Budget 


Satellite  in  final  orbit 

Apogee  motor  propellant 

Perigee  motor  propellant 

Perigee  motor  stage  hardware 

Cradle  and  airborne  support  equipment 

Total  payload  in  STS  cargo  bay 


1200  lb 
1080 
3700 
300 
2200 

8500  lb. 


TABLE  7-18 

Nominal  INTELSAT- V Weight  Summary  (Kg) 
for  Atlas-Centaur  Launch 


Satellite  weight  in  final  orbit 
Apogee  no tor 
Propulsion  fuel 

Total  spacecraft  weight  at  launch 


749.8 

922.5 

172.6 
1869.3 


TABLE  7-19 

INTELSAT-V  iiunimarv  for  A^rlas-Centaur  Launch 


Subsystem 

Mass  CKs) 

Ave . Power 

S t rue  ture  / Therm  1 

183.1 

Propulsion 

35.3 

Electrical  power 

141.9 

Conununications  transponder 

174.6 

780 

Communications  antenna 

58.9 

Telemetry,  connand,  and  ranging 

28.0 

43.5 

Controls 

72.5 

Electrical  integration 

40.1 

Mechanical  integration 

15.4 

Total 

749.8 

1004 

Apogee  motor 

922.5 

Propulsion  fuel 

172.6 

Total  spacecraft 

Launch  total 

1869.3 

Mass  margins 

24.4 
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TABLE  7-20 

BSE  Broadcast  Satellite  Weights 


Power 

161.1 

ACS 

59.2 

Structure 

106.8 

RCS 

105.2 

TT  & C 

23.4 

Mechanisms 

60.8 

Communications 

151.5 

Thermal 

49.5 

Ballast 

8.2 

Contingency 

3.7 

730  lbs 
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OF  POOR  QUALITY 


TABLF.  7-2  L 


TV-SAT  A3  SYSTEM  CHARACTERISTICS 


PAYLOAD  3 + 2 (spare)  channels  with  260  W TWTA  s. 

Separate  transmit  and  receive  antennas 


Total  Mass 

167.3 

kg 

Power  requirement 

2 238 

Watt 

Reliability  (5  years) 

0.930 

Power  BoM/EoM  f y 

3 400  / 2 850 

W 

System  reliability  (5  y 

0.837 

Bus  reliability  (10  y) 

0.800 

Payload  Module  mass 

280.0 

kg 

Service  Module  mass 

300.0 

kg 

Propulsion  Module  mass 

210.C 

kg 

Propellant  for  transfer,  apogee  maneuver  and 

acquisition  ARIANE:  593  kg.  Shuttle; 825.0  kg 

Propellants  for  attitude  and  orbit  control  95  (max.  150)  kg 


Mercury  for  ion  thrusters 

Total  mass  after  separation  from 
ARIANE 

Shuttle  + SSUS-A 
Total  length  with  extended  arrays 


10.0  kg 

1 712.0  kg 
1 880.0  kg 
19.25  m 


SUBSYSTEMS 


Antenna  system  with  two  deployable  CFC 
dishes  and  central  tower  56.7  kg 

Repeater  with  5 TWTA' s of  260  W 110.7  kg 

Power  subsystem  (50  V bus)  59.5  kg 

ULP  solar  array  93,5  kg 

Array  drive  assembly  (BAPTA)  14.4  kg 

Data  system  (TT&C,  data  handling)  24.9  kg 

Attitude/orbit  measurement  & control  48.5  kg 

Unified  propulsion  system  91.5  kg 

RITA— 1 electrical  thruster  package  (2)  32.6  kg 

Structure  (excl.  adapter)  144.7  kg 

Thermal  control  hardware  63.5  kg 

Bus  harness,  pyrotechnics  26.4  kg 

Balance  mass,  miscellaneous  5.0  (A)  to  30  (S)  kg 
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Fitjiire  7-6 

SPACECRAFT  ECONOMY  OF  SIZE 


EOL  SPACECRAFT  DRY  MASS  Ford  Aerospace  & 

Communications  Corporation 


7. 4. 6. 2 Satellite  Coat  vs.  Capacity. 

One  of  the  unrecognized  aspect  of  satellite  design  is  that  relatively  large 
increases  in  satellite  capacity  in  either  bandwidth  or  in  gigabits/second  can 
be  achieved  with  relatively  sniall  increases  in  satellite  weight.  This  relation- 
ship between  capacity  and  weight  has  been  plotted  by  Staelin  and  Harvey 
(NAS-5-25091)  for  satellite  weights  from  1000  to  20000  pounds  for  both  present 
day  solar  cell  tec:  ology  and  advanced  power  technology. 

Another  illustration  of  this  feature  is  that  Intelsat-V  , with  launch  weight 
of  1860  Kg  will  have  a useful  bandwidth  at  4/6  GHz  and  11/14  GHz  of  almost 
1600  MHz.  By  utilizing  an  additional  500  Kg  of  launch  weight  afforded  by  AR3ANE- 
III,  this  capacity  can  be  increased  to  2500  MHz,  a factor  of  increase  of  at  least 
1.6. 

7.4.6. 3 Satellite  Cost  vs.  Antenna  Complexiey- 

In  general,  antenna  complexity  impacts  on  satellite  costs  in  a different 
manner  than  only  its  weight  implication  of  around  8 to  107,  in  total  satellite 
weight: 

o Complex  antennas  can  greatly  increase  satelHte  non-recurring  costs 
depending  on  the  number  of  antennas  involved,  and  the  complexity  of  the 
feed  Homs  and  driving  networks. 

o Complex  antennas  can  add  to  length  in  the  shuttle  bay  and  therefore  add 
to  launch  cost. 

o Complex  antennas  can  add  to  the  attitude  control  requirements  and  requir.‘> 
additional  sensors,  ground  control,  or  additional  fuel  which  must  be 
substituted  for  other  payloads. 

7. 4. 6. 4 Satellite  Cost  vs.  Power-Amplifier  Power. 

Power-amplif ier  power  requirements  for  TV  broadcast  satellites  greatly 
control  satellite  costs  - particularly  when  high  power  tubes  are  used.  In  a 
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Figure  7-7 


Satellite  weight  and  lower  versus  satellite  capacity. 


-568- 


fixed  sateillce  sysiem  spac.c’'af^  such  as  InCalsat-V,  mo;:e  than  30  IWTA's  are 
used  with  output  poweis  langirg  from  4.5  watts  to  10  watts.  Intelsat-V  has  a 
d.c.  power  budget  of  1000  watt-S  derived  from  a solar  cell  system  providing  up 
to  1400  watts  at  beginning  of  life  (SOL) . 

When  Wr  such  as  the  Telefunken  4.50-watt  IWTA.  or  the  Thomson-CSF  150-watt 
TWTA  are  used,  the  i.c.  power  lequlrements  of  these  and  therefore  the  efficien- 
cy of  tubes  operating  vv>  to  507,  effi.Lency  will  be  baseline  to,  and  dominate 
the  satellite  de.ii.gn.  Fcr  a satellite  having,  say  2000  watts  available  to  the 
power  feTipi.ff icr.  ..r.i’'.  / two  450-watt  IWTA  can  be  accommodated,  or  eight 

125-watt  For  Canal ian  approved  51  dbw  satellite  design  which  uses 

lower  : :wer  'i-O  watt  IWTA,  at  least  20  channels  can  be  accommodated  - thereby 
^ ’.lustra f ..ng  the  advantage  of  increased  satellite  capacity  as  compared  to  a 
relatively  small  increase  in  ground  antenna  size. 

Tables  7-22A  and  7-22B  extend  Table  7-14  which  used  a total  RF  saturated 
power  of  1000  watts  produced  by  its  TWTA.  Table  7-22  uses  600  watts  of  RF 
power  (ex:  four  150-watt  TWTA)  and  Table  7-23  uses  400  watts  of  Rf  power  (ex; 

four  100-watt  TWTA).  Note  that  the  spacecraft  costs  decreased  from  63  .million 
dollars  to  41  .million  dollars  to  33.6  million  dollars  thus  illustrating  the 
pacing  nature  (with  weight)  of  satellite  RF  power. 

Table  23  summarizes  the  changes  in  principal  space  parameters  including 
cost  as  a function  of  total  RF  power,  in  the  ranges  from  400  to  1000  watts  of 
R.F  power. 

The  total  spacecraft  cost  varies  from  $101  million  for  400  watts  to  l-b9 
million  dollars  for  1000  watts  representing  an  increased  in  cost  by  70%.  Note, 
however,  that  the  spacecraft  launch  weight  increases  by  a factor  of  slightly 
less  than  2 for  the  same  RF  power  increase  showing  a significant  change  in  launch 
vehicle  requirement. 
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TABLE  7-22A 

(Satellite  with  RE  Power  600  Watts) 


DELTA  VI  » 2428.45  M/SEC  DELTA  V2 

COM  MT  ■ 400.0  LBS  TTC  WT  - 

ACS  WT  - 171.7  LBS  EPS  WT  « 

. SQL  » 2732.9  WATTS BUS  WT  « 

^ QN-ORBIT  FUEL  WT  « 263.4  LBS 

^ S/C  ON-ORBIT  WT  » 1709.6  LBS  S/C 

^ PERlfifeE  MQTOft  3 WAS  CHOSEN 


- 1830.70  M/SEC 
49.8  LBS 
277.0  LBS 
1045.2  LBS 

LAUNCH  WT  ■ 14779.7  LBS 


DELTA  COM  WT  ■ -200.0  LBS  DELTA  TTC  WT  - 0.  LBS 

DELTA  ACS  WT  • 0.  LBS  DELTA  EPS  WT  • -6.8  LBS 

DELTA  BUS  POWER  ■ -BO.O  WATTS  DELTA  BUS  WT  > -153.1  LBS 

DELTA  ON-ORBIT  FUEL  WT  » -38.8  LBS  DELTA  S/C  ON-ORBIT  WT  ■ -391.7  LBS 

DELTA  S/C  LAUNCH  WT«  -2085.7  LBS 


DO  YOU  WANT  A COMPLETE  LISTINGS  OF  PARAMETERS? 
THIS  LISTING  IS  WITHOUT  HEADINGS r 1 »YES . 2-NO 


400.0 

49.6 

195.0 

171.7 

277.0 

47.4 

See  Tables 

54.4 

41.9 

208.3 

1045.2 

263.4 

1708.8 

7-15,  7-16 

7507.4 

14779.7 

0. 

1763.7 

0. 

3.0 

for 

5.5 

15.0 

2.0 

18219.2 

1900.0 

2732.9 

Format 

1500.0 

rsooToI^^^ 

RF  Power 

STANDARD  COSTING  FORMAT  (DOLLARS  IN  THOUSANDS) 


NUMBER  OF  S/C  » 3 NUMBER  OF  ON-ORBIT  S/C  » 2 

R8iD  COST  » f 25815.5  PROTOTYPE  COST  » « 25706.8 

TOTAL  NON-RECURRING  COST  » ♦ 51522.4 

PROTOTYPE  REFURB  COST  » • 8613.1  FIRST  UNIT  COST  » *20565.5 

FLIGHT  MODEL  COST  » * 41131.0  ON-ORBIT  INCENTIVES  * ♦ 20253.3 

S/C  STORAGE  COST  - *1500.0 

TOTAL  S/C  COST  - *123019.7 

PM  COST  - * 9000.0  STS  COST  » *37326.6 

TOTAL  PROGRAM  COST  '-■*16^^673'  ‘ 


YEAR 

1 

COST 

m 

* 

27534.1 

0 

S/C 

LAUNCHED 

YEAR 

2 

COST 

m 

* 

49712.0 

0 

S/C 

LAUNCHED 

YEAR 

3 

COST 

s 

* 

41355.8 

0 

S/C 

LAUNCHED 

YEAR 

4 

COST 

s 

* 

14224.1 

2 

S/C 

LAUNCHED 

YEAR 

5 

COST 

■ 

* 

2175.3 

0 

S/C 

LAUNCHED 

YEAR 

6 

COST 

* 

2175.3 

0 

S/C 

LAUNCHED 

YEAR 

7 

COST 

* 

2175.3 

0 

S/C 

LAUNCHED 

YEAR 

8 

COST 

M 

* 

2175.3 

0 

S/C 

LAUNCHED 

YEAR 

9 

COST 

s 

* 

2175.3 

0 

S/C 

LAUNCHED 

YEAR 

10 

COST 

s 

* 

2175.3 

0 

S/C 

LAUNCHED 

YEAR 

1 1 

COST 

« 

* 

4663.8 

0 

S/C 

LAUNCHED 

YEAR 

12 

COST 

* 

9652. 2 

0 

3/C 

LAUNCHED 

YEAR 

13 

COST 

X 

* 

8652.2 

0 

S/C 

LAUNCHED 

YEAR 

14 

COST 

s 

* 

1500.0 

1 

S/C 

LAUNCHED 

-570- 


PUO^  Q^Mi.[fY 


TABUi  7-22B 

(Satellite  with  RF  Power  - 400  Watts) 


DELTA  VI  - 242S.45  H/SEC  DELTA  V2  - 1830.70  M/SEC 

COM  MT  " 300.0  LBS  TTC  MT  ■ 43.8  LBS 

ACS  WT  ■ 130.1  LBS  EPS  MT  ■ 232.6  LBS 

BOL  ^ 1956.2  MATTS  BUS  MT  ■ B55.5  LBS 

^ ON-ORBIT  FUEL  MT  »'  215.8  LBS 

. S/C  ON-ORBIT  MT  « 1371.0  LBS  S/C  LAUNCH  MT  » 9224.2  LBS 

PERIGEE  MOTOR  1 MAS  CHOSEN 


DELTA  COM  MT  * -100.0  LBS  DELTA  TTC  MT  • 0.  LBS 

DELTA  ACS  MT  » -41.8  LBS  DELTA  EPS  MT  » -44.4  LBS 

DELTA  BUS  POMER  ■ -540.0  MATTS  DELTA  BUS  MT  « -189.7  LBS 

CjELTA  on-orbit  fuel  UT  ■ -47.8  LBS  DELTA  S/C  ON-ORBIT  WT  ■ -337. S LBS 

DELTA  S/C  LAUNCH  MT«  -5555.5  LBS 


DO  YOU  WANT  A COMPLETE  LISTINGS  OF  PAr'AMETERS? 
THIS  LISTING  IS  WITHOUT  HEADINGS r 1 »YES . 2-NO 


See  Tables 
7-15,  7-16 
for 

Fornat 


STANDARD  COSTING  FORMAT  (DOLLARS  IN  THOUSANDS) 


300.0  49.8  153.4 

40.8  33.0  170. V 

4984.6  9224.2  0. 

7.0  15.0  2.0 


1000.0  Q2ll£l-.3r  Power 


130.1  232.6  37.3 

855.5  215.8  1371.0 

385.0  2483.8  1.0 

13041.1  13B0.0  1956. 2 


NUMBER  OF  S/C  - 3 

R&D  COST  - • 20758.1 
TOTAL  NON-RECURRING  COST 
PROTOTYPE  REFURB  COST  * • 


NUMBER  OF  ON-ORBIT  S/C 
PROTOTYPE 
% 41785.9 

7864.4  FIRST  UNIT 


i. 

COST 


« $ 21027.8 


COST  » *16822.2 


FLIGHT  MODEL  COST  » * 33644.5 


ON-ORBIT  INCENTIVES  » * 16659.0 


S/C  STORAGE  COST  - *1500.0 

TOTAL  S/C  COST  » *101453.8 

PM  COST  - *11100.0  STS  COST  “ *22573.7 

TOTAL  PROGRAM  COST  * *135127.4 


YEAR 

1 

COST 

YEAR 

2 

COST 

YEAR 

3 

COST 

YEAR 

4 

COST 

YEAR 

5 

COST 

YEAR 

6 

COST 

YEAR 

7 

COST 

YEAR 

8 

COST 

YEAR 

9 

COST 

YEAR 

10 

COST 

YEAR 

1 1 

COST 

YEAR 

12 

COST 

YEAR 

13 

COST 

YEAR 

14 

COST 

m 

* 

21335.8 

0 

S/C 

LAUNCHED 

M 

* 

39626.0 

0 

S/C 

LAUNCHED 

9 

* 

32890.4 

0 

S/C 

LAUNCHED 

* 

12217.7 

2 

S/C 

LAUNCHED 

9 

1815.9 

0 

s/r 

LAUNCHEir 

9 

* 

1815.9 

0 

s/c 

LAUNCHED 

9 

* 

1815.9 

0 

s/c 

LAUNCHED 

m 

* 

1815.9 

0 

s/c 

LAUNCHED 

9 

* 

1815.9 

0 

s/c 

LAUNCHED 

9 

* 

1815,9 

0 

s/c 

LAUNCHED 

9 

* 

3320.9 

0 

S/c 

LAUNCHED 

9 

* 

6675 . 7 

0 

s/c 

LAUNCHED 

9 

* 

6675.7 

0 

s/c 

LAUNCHED 

9 

* 

1500.0 

1 

s/c 

LAUNCHED 

-571- 


ABLE  7-23 


Spacecraft  Part»neters  as  a Function  of  Total  RF  Power 


Total  RF  Power  In  Watts 

■m m rm 


Conim  S/S  wt 

300 

lbs  1 

400 

lbs 

1 

I 

600  lbs 

ACS  S/S  wt 

130 

lbs  1 

171 

lbs 

1 

1 

1 

171.7  lbs 

TTiC  S/S  wt 

49 

lbs  1 

49.6  lbs 

1 

1 

1 

49.6  lbs 

EPS  wt 

232 

lbs  1 

277 

lbs 

1 

1 

1 

420  lbs 

Bus  wt 

855 

lbs  1 

1045 

lbs 

1 

! 

1 

1418  lbs 

S/C  Cn-0rh1t  wt 

1371 

lbs  1 

1708 

lbs 

1 

1 

1 

2375  lbs 

On-Orbit  Fuel 

215 

lbs  1 

263 

lbs 

1 

1 

357  lbs 

Total  Fuel  wt: 

1 

1 

(Apogee  A Perigee  Fuel) 

4984 

lbs  ! 

7507 

lbs 

1 

1 

10,096  lbs 

S/C  Launch  Weight 

9224 

lbs  1 

14.^79 

lbs 

1 

i 

18,035  lbs 

Number  of  Solar  Cells 

13,041 

18,214 

1 

1 

1 

29,055 

30L  Power 

1956 

Watts  1 

2732 

Watts 

1 

1 

4358  Watts 

Bus  Power 

1360 

Watts  1 

1900 

Watts 

1 

1 

3030  Watts 

COM  S/S  Power 

1000 

Watts  1 

1500 

Watts 

1 

1 

1 

2500  Watts 

USD  Cost* 

20.7 

M 1 

25.8 

M 

1 

» 

1 

1 

26.6  M 

Prototype  Cost* 

21 

M 1 

25.7 

M 

1 

1 

I 

39.2  M 

Total  Non-Recurring  Cost* 

41.8 

M 1 

51.5 

M 

1 

1 

65.3  M 

Flight  Model  Cost*  (2  units) 

33.6 

M 1 

1 

41.1 

M 

1 

1 

1 

62.7  M 

On-Orbit  Incentives 

It. 66  M 1 

20.25 

M 

1 

1 

27.85  M 

*1980  dollars 
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7.4.6. 5 Satellite  Cost  vs.  Pointing  Accuracy 

It  was  shown  in  Section  5 that  satellite  technology  now  exists  which  can 
now  provide  pointing  accuracies  o£  0.05°  thereby  raaklng  practical  contoured 
and  spot  beam  operation  with  antenna  beam  widths  as  narrow  as  0.125  (3  db) . 

In  order  to  improve  this  pointing  accuracy,  as  polntea  up  In  Section  5,  ex- 
traordinary techniques  such  as  the  use  of  star  sensors  and/or  monopulse  systems 
using  ground  control  must  be  utilized  for  both  spinner  and  3-arls  body  stabilized 
satellites. 

The  cost  of  satellites  requiring  pointing  accuracy  better  chan  0.05  will 
Increase  rapidly  and  r^q^alre  the  exchange  of  much  conmunlcations  payload  and 
antenna  payload  for  ACS  payload,  and  greatly  impact  a satellite  capacity  by 
reducing  the  number  and  power  levels  of  transponders  which  can  be  accommodated 
by  typical  satellites  of  the  1000-kg  weight  class. 

The  case  of  increased  antenna  complexity  In  a larger  satellite  or  on  a 
space  platform  in  order  to  achieve  Improved  system  capacity  provided  by  spatial 
(jiver‘’lty,  will  require  more  precise  attitude  control  components  in  order  to 
achieve  pointing  accuracies  much  better  than  0.05  . Such  a S/C  syotera  can  use 
coarse  attitude  control  for  the  platform  systems  or  spacecraft  and  giraballed 
antennas  with  very  fine  attitude  control  by  providing  control  from  the  ground 
using  a monopnlse  system  on  the  spacecraft  antenna. 

Table  7-23  lists  the  changes  produced  in  attitude  control  system  (ACS')  weight 
and  on-board  fuel  weight  for  RF  power  variation  from  400  to  1000  watts.  Note 
the  absence  of  change  in  ACS  weight  for  larger  RF  power;  the  on-orbit  fuel, 
however,  increases  by  a factor  of  almost  507,. 
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1 . 5 Earth  Termlaal  Costs 

While  satellite  costs  are  priirarily  dictated  by  launch  vehicle  weight 
capability,  earth  terminal  TVRO  costs  are  dictated  by  antenna  size  and  receiver 
LNA  noise  temperature. 

In  this  section,  earth  terminal  costs  for  TVRO  terminals  will  be  explored 
for  UHF  reception  from  space  using  a g/T  * 0 db/K,  for  2.54  GHz  community  TV 
reception  using  a G/T  - 0 db/K  and  for  12  GHz  reception  for  direct- to-user  appli- 
cations using  a G/T  =•  8 dB/K. 

The  costs  will  be  developed  for  small  quantities,  and  for  q’uantities  of 
100,000,  l,0u0,000,  and  10,000,000.  The  costs  derived  will  be  primarily  cost- 
of-sales  costs  based  on  materials  and  labor  involved. 

It  must  be  appreciated  that  those  costs  will  be  predicated  for  devices 
and  subsystems  which,  for  the  most  part,  have  been  manufactured  in  only  relative- 
ly small  quantities  to  date  (1980).  They  do  not  represent  costs  which  can  be 
immediately  contracted  for  but  will  require  the  cycle  of  development,  proto- 
type manufacture,  and  then  full  manufacture  to  meet  the  specifications  (i.e., 

2 dB  NF  at  12  GHz)  required  in  large  quantities. 

Many  excellent  analyses  of  terminal  costs  have  been  provided  in  the  past 
based  on  not  only  terminal  characteristics  but  also  based  on  Delta  2914  and  3914, 
Atlas-Centaur  and  Shuttle  costs  and  launch  capabilities.  These  costs  analyses 
have  provided  considerable  insight  into  the  cost/user  and  cos t/ terminal  of  various 
earth  terminal  sizes  and  costs  as  associated  with  various  launch  vehicles.  How- 
ever, significant  changes  in  launch  vehicle  availability  as  discussed  in  Sect. 7. 3, 
coupled  with  increased  launched  and  satellite  costs*  and  greatly  reduced  earth 

★For  example,  R.  Kelley  et  al,  "Communications  Systems  Technology  Assessment 
Study,  Volu.me  II  Results,  Contract  NAS-3-20364  for  NASA  Lewis  Research  Center. 
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terminal  costs,  have  made  a new  cost  assessment  mandatory  - particularly  for  earth 
terminal  quantities  well  over  100,000. 

Many  of  the  earlier  analyses  also  utilized  earth  terminals  at  12  GHz  with 
diameters  greater  than  1 meter.  This  section  will  continue  the  earth  terminal 
designs  of  0 db/°K  at  UHF  and  S-band  and  8 db/°K  at  12  GHz.  This  will  simplify 
the  cost  analysis  since,  at  12  GHz,  for  example,  the  1-meter  antenna  has  been 
largely  associated  with  12  GHz  direct- to-user  down- links  as  a result  of  WARC-77 
and  it  is  therefore  possible  to  concentrate  on  specific  antenna  and  receiver 
designs  and  associated  costs  instead  of  attempting  to  parametrically  relate 
antenna  size  G/T,  quantity  and  launch  vehicle  type  over  wide  range  of  parameters. 

In  1959,  the  author  published  new  approach  to  establishing  minimum  costs 
of  an  earth  terminal  for  a particular  G/T  as  a function  of  antenna  size,  by 
recognizing  that  the  antenna  costs  versus  diameter  was  essentially  parabolic  with 
an  inverse  curve  existing  for  LNA.  noise  temperature  versus  cost.  By  combining 
antenna  gain,  and  system  noise  temperature  derived  from  antenna  noise  temperature 
at  a particular  elevation  and  LNA,  noise  temperature,  a curve  of  antenna  diameter 
versus  cost  for  various  G/T  as  shown  in  Figure  7-8  could  be  derived. 

However,  in  this  report  the  antenna  sizes  are  sharply  limited  in  range  and 
low  noise  amplification  over  wide  ranges  of  noise  temperature  is  both  relatively 
inexpensive  and  without  major  cost  differential  thereby  making  the  G/T  versus 
cost  curve  of  Figure  7-8  of  relatively  little  value  since  it  must  be  limited  to 
a narrow  range  of  antenna  diameters  and  enjoy  the  "luxury"  of  very  low  noise 
temperature  LMA's  in  low  cost  ranges  which  were  not  conceivable  only  a decade  ago. 

As  will  be  described  in  the  paragraphs  to  follow,  the  anteanas  to  be  used 
include  Yagi  arrays  at  UHF,  10- ft  diameter  antennas  at  2.64  GHz,  and  a variety 
of  antenna  types  having  essentially  a one  square  meter  a.perture  at  12  GHz.  The 
L'lA's  will  be  transistor  or  FET  amplifiers  at  UHF  and  S-band,  and  FET  amplifiers 
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or  Schottfcy  barrier  diode  mixers  at  12  GHz,  all  of  which  represent  low  cost 
techniques  at  IfflF  and  S-band  and  potentially  low  cost  techniques  at  12  GHz. 

Thus,  the  thrust  of  this  section  is  to  explore  tme  device  costs  rather 
than  conduct  parazietric  analyses  and  to  determine  the  feasibility  of  the  long 
sought-after  1-raeter  12GHz  TVRO  terminal  costing  around  $500. 

7.5.1  The  Cost  Iferitage  of  4 GHz  TVRO  Systems. 

As  pointed  out  in  Section  6,  the  broadcast  satellite  small  TVRO  earth 
terminal  will  be  able  to  significantly  utilize  many  new  developments  made  for 
color  TV  receivers  and  in  3,  4.5,  and  10  meter  TVRO  terminals  built  for  TV 
program  distribution  using  WESTAR  and  SATCCM  satellites. 

Domestic  satellite  distribution  of  TV- programming  was  first  initiated  in 
Che  mid  1970' s by  the  broadcast  of  a Mohamed  Ali  fight  to  cable  TV  users  and  a 
major  ir.duotry  was  underway.  At  that  time,  the  first  TVRO  terminals  used 
10-meter  antennas  with  uncooled  paramps  and  fairly  expensive  4 GHz  down  converters 
and  TV  receivers.  Such  terminals  cost  in  excess  of  $100K.  As  Che  FET  amplifier 
with  its  ISC^X  noise  temperature  at  4 GHz  appeared  on  the  scene  circa  1975, 
both  Andrews  and  Scientific  Atlanta  advertised  a 10-meter  TVRO  antenna  using 
a GaAs  FET  LNA  and  a standard  4 GHz  TV  Receiver  for  $60,000. 

As  competition  increased,  and  the  FCC  permitted  the  use  of  4.5-meter  Receiver 
only  antennas,  than  4-5-ineter  TVRO  antennas  with  uncooled  paramps  and  standard 
re-oivers  became  available  for  around  $35,000. 

.\s  the  number  of  antennas  manufactured  increased  (>200/month  in  Spring  1980) 
and  L^^A.  costs  reduced  from  $5-10K  to  around  $2K,  receiver  costs  also  dropped, 
and  by  1980  a high  quantity  TVRO  terminal  with  a 4.5  meter  antenna  was  available 
for  purchase  for  costs  ranging  from  $5K  to  $15K.  During  this  time,  the  Mutual 
Broadcasting  System  purchased  700  small  earth  terminals  (radio  receive-only)  for 
its  affiliates  at  less  than  $5K  per  unit,  and  an  era  of  very  low  cost  earth 
terminals  was  initiated. 
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This  manufacturing  experience  at  4 GHz  coupled  with  the  development  of 
new  Integrated  circuits  for  color  TV  and  cable  TV  systems » and  low  cost  mats 
produced  GaA.s  receivers  directly  impacts  on  the  cost  of  TVRO  terminals  at  UHF, 
S-band  and  12  GHz. 

The  news  of  a filing  by  COMSAT  and  Sears  Roebuck  Co.  for  a TV-broadcast 
satellite  not  only  created  new  interest  in  the  potential  for  TV-broadcast  at 
the  12.2-12.7  GHz  frequency,  but  also,  with  the  FCC  de-regulation  of  TVRO  earth 
terminals,  a renewed  interest  in  private  TVRO  terminals  to  access  the  more  than 
40  channels  of  television  at  4 GHz  from  the  geostationary  are  serving  the  U.S. 

This  interest  in  4 GHz  TVRO  earth  terminals  not  only  created  a $37. 5K 
TVRO  terminal  sold  as  a Christinas  present  by  Nienan  Marcus  of  Dallas,  Texas, 
in  1979,  but  also  started  a "bargain"  or  low  cost  business  in  4 GHz  TVRO  earth 
terminals  for  present  users:  in  Coop's  Satellite  Digest  TI-5180,  it  was  reported 

that  SlARVIEl^,  ot  Poca  Hontas  Arkansas,  for  example,  is  averaging  a shipment  of 
2-3  TVRO  terminals  per  day. 

Table  7-24  lists  approximate  costs  for  a home  satellite  TVRO  system  at 
4 GHz.  The  deluxe  system  is  the  equivalent  of  a TVRO  terminal  at  the  quality 
purchased  by  a Cable  TV  user.  The  Standard  and  bargain  TVRO' s represent  the 
"Lincoln  Continental"  and  "FORD  Fairlane"  modes,  while  a "PINTO"  q-jality  at 
lowest  possible  cost  is  even  now  a reality. 

Table  7-25  lists  the  published  prices  of  some  available  standard  and  bar- 
gain TVRO's  as  of  July  1,  1980.  Note  that  they  range  from  $13K  to  $4K.  Tables 
7-26  and  7-27  list  typical  published  antenna,  LNA,  down- converter  and  receiver 
prices,  again  showing  the  wide  variation  between  companies  depending  on  the 
quality  and  In  the  case  of  the  antenna,  on  the  actual  techniques  for  construc- 
tion used.  The  antenna  and  INA  costs  are  high  - in  the  $1500  range  for  a 10-ft 
antenna  exclusive  of  mount,  and  around  $1K  for  an  LNA  (the  NEC  FET's  still  are 
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TABUS  7-24 


Approximate  Costs  of  Components  of  a Home 
Satellite  System  at  4 GHz 


De luxe 
Grouping 

Standard 

Grouping 

Bargain 

Prices 

Antenna  Dish 
15  foot  dia. 
10  foot  dia. 

$7000 

$2500 

$ 900 

Antenna  Feed 
Two  units 

One  unit  * 

2000 

1000 

500 

Low  Noise  Amplifier 
Two  units 
One  unit 

6000 

3000 

1000 

Microwave  Receiver 

3000 

3000 

2300 

TV  Modulator 

1200 

400 

150 

Complete  Set  of  Components* 

$19200 

$9900 

$4850 

* to  which  must  be  added  the  cost  of  shipping,  foundations,  installation,  etc. 


TABLE  7-25 


Published  Prices  of  Low  Cost  Complete  TVRO  Systems 
for  4 GHz  Domestic  Satellites  such  as  SATCCM-1 


Microwave  Associates,  Burlington,  Mass% 


4.5  meter 

$13975 

12  foot 

$12700 

10  foot 

$ 9990 

SATELCO,  Pico  Blvd. 

, Los  Angeles 

20  ft 

$12500 

16  ft 

$ 7995 

10  ft 

$ 6995 

Microwave  General, 

Mountain  View,  Calif. 

16.6  ft 

$13900 

13  ft 

$11900 

10  ft 

$ 9900 

Antenna  Dev.  & Mfg. 

Inc.,  Poplar  Bluff,  Mo 

11  ft  $6480 


Satellite  Television  Systems,  Poplar  Bluff,  Mo. 
10  ft  $3995 


Starviev  System,  Poca  Hontas,  Ark. 

10  ft  Trailer  mounted  $7200 
10  ft  Special  $3995 


TA.BLE  7-26 


Published  Prices  of  Low  Cost  TVRO  Antennas 
for  Use  at  4 GHz 


Marble  Electronics,  North  Weymouth,  Mass 


4 ft  $ 98 
6 ft  $ 195 
8 ft  $ 449 

12  ft  $ 695 
16  ft  $1195 

Satellite  Television  Systems,  Poplar  Bluff,  Mo. 

13  ft  Dish  $2295 
10  ft  Dish  $1695 
10  ft  Dish  with  $1995 


mount  & feed 


Antenna  Dev.  & Mfg.,  Poplar  Bluff.  Mo. 

11  ft  $2765 

Vidiark  Electronics.  Salem,  Ark. 

12  ft  Spherical  Kit  $ 750 

Wat^ner  Industries,  Alva,  Ckla. 

10  ft  Spherical  with  horn  $ 925 

12  ft  Spherical  with  horn  $1650 

16  ft  Spherical  with  horn  $2925 

Prodelin,  Hishstown,  N.J. 


2 ft  $ 275 

4 ft  $ 485 

6 ft  $ 590 

3 ft  $ 850 

10  ft  $1400 

Tilt  mount  $595  for  8-10  ft 

Andrew.  Orlanu  Park,  Illinois 

4 ft-  $ 480 

6 ft  $ 590 

3 ft  $ 930 

10  ft  $1530 

Tilt  mount  $460  for  8-10  ft 

Tristar.  Van  Epps  Rd.  Cleveland,  Ohio 
10  ft  Fiberglass  $875 
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TABLE  7-27 

Published  Prices  of  Low  Cost  4 GHz  LNA's  and  TVRO 
Receiver  Systems 


L\A 

- Avantek  LNA  plus  dc  power  supplied  via  RF  cable 

- Gillespie  Kit  (Menlo  Park) 

Requires  two  NEC  218  FET 

- DEXCEL 

- Birkill  4-stage  bipolar  LNA 

Down  Converters  4 GHz  to  70  MHz 

- GHz  Engineering  (Phoenix) 

- Satellite  Innovations  (Winston,  Salem) 

- Telepath  (San  Jose) 

- Avantek  (IF  at  950-1450  MHz) 


$1099 
$ 125 
$ 110 

$ 175 

$ 400 
$ 895 
$ 450 


Receivers  -f  GHz  to  Vldeo/Audio  - includes  remodulat ion 


- Vita  link  Corp  (Palo  Alto)  - includes  LNA  $3000 

- ICM  (Oklahoma  City)  $ 995 

with  remote  $1149 

- Satellite  Television  Systems 

Avantek  LNA  + Barker  Receiver  $2000 

STT  (Arcadia,  GA)  - Washburn  Receiver  ^ $2000 

- Microwave  Associates  - VR-4X  Receiver  $2000 
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a major  cost  item)  . 

However,  as  competition  continues  to  increase,  and  techniques  are  developed 
to  address  the  private  user  market  which  will  expand  as  TVRO  prices  plummet 
below  $5K,  these  prices  will  continue  to  decrease  and  the  development  of  a 
"radio  amateur"  market  and  mentality  will  do  much  to  spearhead  the  cause  of  low 
cost  TVRO  terminals  at  700  MHz,  and  2.5  GHz  and  certainly  in  the  direct- to-uaer 
marketplace  at  12  GHz. 

7.5.2  Cost  Considerations  of  G/T. 

In  1969,  the  author  published  a use  of  cost  versus  antenna  diameter  (gain) 
and  LNA,  cost  versus  °K  showing  that  by  combining  the  two  curves,  relating  cost 
versus  antenna  diameter  for  a fixed  value  of  G/T,  a minimum  or  optimum  receive 
cost  can  be  achieved.  This  is  a result  of  the  antenna  cost  increasing  with  size 
and  the  LNA  cost  decreasing  with  increased  noise  temperature  as  shown  in  Figure 
7-8.  As  the  antenna  size  starts  to  dominate  G/T,  one  pays  primarily  for  antenna 
structure  since  high  noise  temperature  devices  are  very  inexpensive.  As  the 
antenna  diameter  is  decreased,  at  some  point,  the  cost  of  receiver  sensitivity 
suddenly  increases  and  rises  to  infinity  because  a negative  noise  temperature  is 
impossible  to  achieve,  and  the  useful  ranges  of  noise  temperature  below  50°K  for 
the  LNA  only  (included  in  the  system  noise  tempe.ature  which  includes  antenna 
noise  temperature  and  losses  between  the  feed  and  the  liilA)  require  succinctly, 
an  uncooled  paramp,  a cooled  paramp,  and  a maser  - the  latter  device  costing 
approximate ly  a million  dollars. 

Figure  7-9  shows  actual  cost  versus  antenna  gain  (instead  oi  size)  and 
receiver  (LNA)  nOi.se  temperature  versus  cost  for  TVRO  systems  in  the  0.8  GHz, 

2.54  GHz  and  12  GHz  bands.  Note  that  in  each  case,  the  receiver  noi?'  temperatures 
are  relati-/ely  high  (400-600^K)  and  the  antennas  small  at  all  three  frequencies. 
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Cost  in  Dollars  Cost  in  Dollars 


Antenna  Diameter 


Figure  7-3 
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LNA  Noise  Figure  (rlB)  30  dB  Gain 


Figure  7-9 


At  12  GHz,  a G/T  • 8,  for  example,  will  require  a system  noise  temperature 
of  almost  1000  K to  augment  an  antenna  gain  of  38  dB.  At  2.54  GHz,  a G/T  ■ 0 
will  be  provided  by  an  antenna  diameter  of  1.5  meters  and  a 28  dB  gain  and  a 
system  noise  temperature  of  around  800°K  will  be  required.  At  0.8  GHz,  a 3-meter 
antenna  will  give  a gain  of  24  dB  and  a system  noise  temperature  of  400°K  will 
be  required. 

An  interesting  aspect  of  the  present  cost  analysis  is  that  both  the  curves 
of  L21A  versus  cost  and  the  curves  of  antenna  diameter  versus  cost  are  In  the 
range  of  essentially  both  lowest  cost  nd  very  low  differential  cost  with  respect 
to  diameter  change.  Thus,  full  curves  of  cost  versus  antenna  gain  or  diameter 
for  large  antenna  gain  ranges  and  for  wide  ranges  of  G/T  are  rather  meaningless, 
and  it  is  more  meaningful  to  concentrate  on  the  techniques  of  cost  ^eduction 
and  low  cost  manufacf.ir Ing  processes  for  both  the  antenna  and  the  LM/receiver. 
7.5.3  Considerations  of  Quantity  Production. 

As  pointed  out  in  USSG  BC/851  Rev.  1,  Oct.  1,  1975,  producing  units  in  large 
quantities  reduces  the  average  cost  per  unit.  The  quantity  factor  in  cost  re- 
duction can  be  represented  by: 


Q (n)  - L ^ 

where,  Q (n)  ■ quantity  cost  factor,  L * learning  factor  which  typically  ranges 
between  .85  to  .95  and  N » production  q’oantity. 

Figure  7-10  shows  a plot  of  Q (n)  for  several  values  of  L as  a function  of  N. 
Also  shown  are  several  data  points  for  antennas,  transistor  amplifiers,  con-»'erter.s , 
and  paramps.  From  this  it  is  concluded  that  as  the  per  unit  complexity  increases 
as  for  the  paramps,  learning  (i.e.,  through  higher  production  quantities),  be- 
comes more  significant.  In  contrast,  the  antenna,  -nich  is  not  as  labor  intensive 
and  therefore  complex,  e.xhibits  a less  significant  reduction  in  cost  through 
learning . 
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Cost 


QUANTITY  COST  FACTORS.- 


A,  ANTENNA  30 dQ  GAIN 
T,  TRANSISTOR  AMPLIFIER 
C,  CONVERTER 
P,  PARAMP  (UNCOOLED) 


■ o.:5 


P.dv?.ntage  of  Quantity  Production 

Figure  7-10 
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Other  CCIR  study  group  documents  have  added  insight  to  the  prediction  of 
quantity  production  co.^ts  for  TVRO  earth  terminals.  Table  7-25  of  Pl6n/2-USA-4 
has  predicted  a unit  cost  of  $2000  for  a TVRO  for  community  reception  at  2.6  GHz 
(in  line  wiua  present  4 GHz  TVRO  terminals  extended  to  10000  units)  and  only 
$1400  a piece  for  100,000  of  such  terminals.  Note  the  increasing  cost  as  Che 
frequency  is  reduced.  At  700  MHz,  of  course,  the  higher  cost  cones  from  antenna 
structure  and  materials  even  though  a significant  reduction  in  the  cost  of  the 
comblnec  IM  and  receiver  (Integrated  into  one  system). 

Figure  7-11,  derived  from  a NASA  LRC  study*,  shows  a useful  display  of  costs 
for  12  GHz  TVRO  terminals  as  a function  of  G/T  for  units  from  10  to  1,000,000. 
Note  that  at  a G/T  - 8 db/°K,  a unit  price  for  10  would  be  around  $2000  while 
for  1,000,000  units,  the  unit  price  would  be  around  $450.  This  is  consistent 
with  prices  quoted  in  Japan  by  SONY  and  NEC. 

7.5.4  Aspects  of  Mass  Production  of  Antennas  and  Integrated  Circuits. 

The  TVRO  antenna  system  at  any  of  Che  three  freq’jencles  will  be  made  up  of 
an  antenna  and  a LNA/Receiver ; the  latter  device  will  be  considered  as  a two- 
box  device  interconnected  by  cable  with  the  LNA  box  mounted  on  the  feed  or 
integrated  with  the  antenna  feed,  and  the  receiver  located  inside  a dwelling  or 
enclosure  near  to  the  TV  set  or  the  cable  input  system. 

The  TVRO  system  cosrs  in  large  q'^ntvties  therefore  are  dependent  on  three 
major  cost  items  which  in  mass  production  will  each  become  very  low  in  cost;  the 
antenna  and  its  mount,  the  low  noise  amplifier  or  amplifying  down-converter, 
and  the  receiver. 

* Results  of  ConOTur.irat ion  Systems  Technology  Assessments  Study"  (October  1977), 
Report  (Vols.  1 and  2'),  prepared  for  the  National  Aeronautics  and  Space 
Administration,  Lewis  Research  Center,  Cleveland,  Ohio.  ^ 
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TABLE  7-25 

Cost  Figures  Based  on  Doc.  Plen./2-  U.S.A.  -4  for 
TVRO  Earth  Terminals  for  Conanunity  Reception  


Frequency 

12 

GHz 

2.6 

GHz 

700 

1 Mite 

Number  of  Video 
Channels 

1 

3 

1 

3 

1 

3 

1.  Receiving  Terminal 
Unit  Cost  (US  $)  (In 
production  q'jantlties 
of  10  000  units) 

1 

1 650 

1 

3 150 

1 

2 000 

! 

3 500 

2 600 

1 

4 100 

2.  Cost  of  10  000 
Receiving  Terminal 
Units  (US  $ X 10^) 

16.5 

31.5 

20.0 

35.0 

26.0 

1 

41.0 

i 

3.  Receiving  Terminal 
Unit  Cost  (US  $) (In 
production  quantities 
of  100  000  units) 

I 200 

2 300 

1 400 

2 500 

1 900 

3 000 

4.  Cost  of  100  000 
Receiving  Terminal 
Units  (US  $ X 1Q6) 

120 

230 

140 

250 

190 

300 
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Capital- oaftt  (US  dollars) 


C 


-6  -1  U 9 U 19  21*  29  3U  39 


Ea^th  Station  Cost  vs.  G/T  (12  GHz  band,  receive-only  terminal) 

Figure  7-11.  Antenna  Gain/ System  Noise  Temperature  (dB/K) 
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The  antenna  costs  will  be  determined  largely  by  the  cost  of  cooling,  handling, 
assembling,  and  the  cost  of  materials.  Assuming,  for  example,  a $500,000  tooling 
cost  (typical  for  an  automobile  fender  of  about  the  equivalent  size  of  a 1-meter 
antenna  dish)  then  at  a quantity  of  100,000  units,  a tooling  cost  of  $0.50  must 
be  aided  to  the  material  and  handling  cost. 

The  liJA,  particularly  at  2.54  GHz  and  12  GHz  will  depend  on  transistor  cost 

(S-band)  and  FET  device  cost  at  12  GHz.  FET  costs  are  reducing  rapidly  at  4 GHz 

from  $200  in  1978  to  $50  in  l980,  and  quantity  production  of  FET's  by  the  million 
could  well  bring  about  the  advent  of  the  dollar  FET  and  therefore  the  very  in- 
expensive FET  amplifier  (printed  on  monolithic  gallium  arsenide). 

7 . 5 . 4 . 1 A Note  on  Integrated  Circuit  Manufacturing  Costs. 

A significant  reduction  in  TVRO  receiver  cost  will  be  achieved  when,  as  in 
most  color  TV  and  FM  receivers,  the  significant  receiver  circuit  functions  can 
be  provided  by  a set  of  integrated  circuits  which  can  be  mounted  on  a single  PC- 

board  and  powered  by  a simple  d.c.  power  supply.  This  note  will  serve  as  an 

introduction  to  both  FACC  in  having  special  integrated  circuits  made  for  its 
earth  terminals,  and  recent  publications  describing  hew  Integrated  circuit  cost 
is  determined. 

In  a paper  by  H.  Dickens*,  a detailed  description  for  establishing  factory 
costs  and  fair  market  prices  for  more  traditional  integrated  circuits  such  as 
ram's  and  linear  operational  amplifiers  is  given.  These  are  typical  of  most 
circuits  to  he  used  in  a IVRO  receiver,  exclusive  of  the  IMA  and  mixer  which  may 
be  antenna  mounted  at  the  feed  and  connected  to  the  receiver  by  a cable  which 
also  supplies  d.c.  power  to  the  LNA.  Table  7-76  lists  a cost  breakdown  of  four 
integrated  circuits  as  provided  by  Dickens.  Note  chat  the  cost  is  determined 
by  wafer  costs  and  yields  and  not  by  the  circuit.  The  wafer  cost  is  a function 

*H.  E.  Dickens,  "How  lo  Determine  Fair  Market  Prices  for  Integrated  Circuits", 
Defense  E lectrcnlcS , June  1930. 
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TABLE  7-26 


Typical  Integrated  Circuit  Final  Costs 
as  per  H.  K.  Dicken 


64K  RAM 

16K  RAM  - Four- 

Inch  Wafer 

Linear 
Op  Amp 

(plastic  Package) 
(1981) 

4- inch  wafer  4 
(4M) 

-inch  wafer 

(1.5m) 

Die  size  (mils) 

160  X 240 

145  X 234 

75  X 75 

72  X 72 

Die  area  (sq.  mils) 

38,400 

33,930 

5,625 

5,184 

Dice  per  wafer 

286 

323 

2,142 

1,300 

Wafer  probe  yield 

157, 

207, 

657, 

407. 

Good  dice  per  wafer 

43 

64 

1,392 

520 

Wafer  cost  (4- in.) 

$70 

$75 

$175 

$50 

Cost  per  good  die 

$1.63 

$1. 17 

$0. 126 

$0,096 

16-pin  packaging  cost 

$1.00 

$0.08 

$0.08 

$0.06 

Assembly  yield 

907, 

857. 

857, 

757. 

Total  packaged  cost 

$2.91 

$1.47 

$0.24 

$0.21 

Testing  cost 

$0.75 

$0.50 

$0.50 

$0.05 

Final  test  yield 

657; 

707, 

707, 

707, 

Total  manufacturing  cost 

$5.65 

$2.81 

$1.05 

$0.37 

Estimated  volume  purchase  price 

$11.29 

$5.50 

$2.10 

$1.25 
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of  resolution  but,  as  shown  in  Table  7-27,  is  dominated  by  labor  and  depreciation 
and  yield.  According  to  Dickens,  a factory  capability  of  approximately  500  wafers/ 
shift  must  be  reached  before  an  economical  IC  operation  can  be  achieved. 

After  wafer  cost  is  decermined,  the  yields  of  various  processing  steps  must 
be  estimated  to  arrive  at  a typical  factory  cost  for  an  Integrated  circuit. 

Industry  typically  divides  the  process  into  four  different  yield  factors.  Wafer 
processing  yield  ranges  from  75  to  90  percent  and  includes  yield  losses  due  to 
broken  wafers,  processing  errors,  and  other  handling  factors  that  occur  before 
the  wafer  has  finished  the  process  sequence.  AutoiLatic  handling  procedures  will  - 
increase  yield  drastically. 

The  wafer  probe  yield  is  the  largest  variable  in  calculating  cost.  The 
yield  is  primarily  related  to  random  defects  due  to  dust  particles  or  other  fac- 
tors, and  is  primarily  a function  of  die  area.  Bipolar  davices  will  have  a lower 
yield  than  MOS  devices  primarily  because  of  the  added  processing  steps,  such  as 
epitaxial  growth.  After  the  wafer  has  been  processed  and  probed,  it  must  be 
assembled  in  a package  or  chip  carrier.  There  is  typically  an  80-90  percent 
yield  for  this  process  step,  depending  primarily  on  the  number  of  pins  in  the 
package. 

Selected  circuits  of  the  SCT-8  modems  were  identified  as  candidates  for  ISI 
IC's,  and  vendors  were  solicited  for  their  manufacture.  Design  and  layout  manuals 
were  obtained  from  EXAR,  INTERNATIONAL  MICROCIRCUITS  (Master  MOS) , and  INTERDESIGN. 
The  INTERDESIGN  manual  was  far  superior  to  the  other  two,  and  gave  details  and 
photographs  of  the  local  interconnections  required  between  groups  of  transistors 
to  form  digital  functions  such  as  multiple- input  gates,  flip-flops,  registers, 
etc.  In  addition,  large  colored  layout  sheets  showing  the  arrangement  of  the 
transistors  and  underpass  connections  on  the  chip  (200  times  normal  size)  were 
provided,  together  with  sets  of  transparent  overlays  that  furnish  the  inter- 
connections of  transistor  arrays  to  form  specific  circuit  functions. 


-590- 


TABLE  7-27 

Future 

Factory  Wafer  Costs 

(MOS) 

solution 

1-2  micron 

0.5-1  micron 

Wafer  (4- in.) 

$12.00 

$13.00 

Supplies 

$ 5.00 

$ 5.00 

Labor 

$25 . 00 

$25 . 00 

Depreciation 

$17.00 

$63.00 

Yield 

70% 

%65 

Factory  Cost 

$84.00 

m 

$163.00 

-591- 


The  selected  circuits  were  given  to  Interdesign  for  an  estimate  of  the 
costs  of  partitioning  the  circuits  into  LSI  chips,  performing  the  layout  operation, 
and  fabricating  a set  of  prototype  pactrages.  An  early  Interdesign  brochure 
offered  the  service  of  converting  the  customer's  logic  diagram  to  semi-custom 
interconnection  layouts  and  were  costed  at  $5K-$50K,  depending  on  the  complexity 
(average  cost  $15K) . However,  that  company  now  requires  a production  order  for 
about  10,000  packages  before  embarking  on  a layout.  This  means  that  for  small 
productions  of  a few  hundred  packages,  the  layout  niust  be  done  by  the  customer. 

If  the  customer  generates  the  desired  Interconnection  pattern,  Interdesign  will 
make  the  interconnection  mask  and  supply  20  tested  prototype  packages  for  $2,800. 

If  these  are  found  to  be  satisfactory,  the  desired  production  proceeds,  and  the 
cost  of  the  production  LSI  packages  depend  on  the  quantity  ordered,  but  is  about 
$20  each  for  100  packages,  falling  to  $7  each  for  5,000  packages. 

Table  7-28  lists  the  non-recurring,  recurring,  and  total  costs  for  both  PC 
circuit  boards  and  semi-custom  LSI.  Note  that  the  final  costs  of  IC's  for  what 
are  rather  complex  circuits  are  very  low,  $10  or  less,  and  that  further  compact- 
ness by  reducing  the  micron  size  of  gates  further  reduces  IC  cost  rather  than 
increasing  it. 

FACC  has  had  considerable  experience  in  developing  special  LSI  circuits 
which  include  a "receiver  on  a chip"  and  uses  a wide  variety  of  such  special  or 
custom  circuits  in  the  modems  of  the  Ford  SCT-8  X-band  military  earth  terminal. 

Some  of  the  FACC  experience  in  developing  complex  custom  LSI  IC's  has  been  re- 
ported by  H.  S.  Tomlin  (Tech  Memo  75-5/78-1)  and  is  summarized  here  for  the 
digital  circuits  involved.  The  cost  per  package  at  the  5000  unit  level  of  $5.85 
i LSI  package  compares  very  advantageously  with  a PC  board  cost  of  $21.27. 

AS  the  lumber  of  units  increases,  this  cost  differential  will  greatly  change  in 
form  of  the  LSI  IC's. 
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TABLE  7-28 


CRiGirir^L  r;.r:: 

OF  POOR  Qv^,.u:VY 


CCMPLEX  DIGITAL  CIRCUIT 


Non-Recurring  Costs 


P.C.  Boards 

Semi-Custom  LSI 

Mechanical  Engineering 

$1,050 

Initial  Layout 

$1,440 

Drafting,  etc. 

2,875 

Taping  & Prototypes 

2,800 

Total  NRE 

$3,925 

$4,240 

Recurring  Costs 


P.C.  Boards 

Semi-Custom  LSI 

No . of 
Systems 

Fab  & Assy 
of  Boards 

ICs 

(MSI) 

Boards  + 
ICs 

Cost  of  Packages 
Chips 

1 

$ 353 

$ 6.17 

$ 359 

100 

6,195 

617 

6,812 

2,000 

1000 

22.540 

6,170 

28,712 

15,000 

71,590 

30,850 

102,440 

30,000 

Total  Costs  (Non-Recurring  + Recurring) 


P. C.  Boards 

Semi-Custom  LSI 

No.  of 
Systems 

Cost  Per 
Board 

Cost  Per 
Package 

1 

$ 4,234 

- 

- 

100 

10,737 

107.37 

$ 6,240 

$62.40 

1000 

32, 6.?  7 

32.64 

19,240 

19.24 

106,  ’65 

21,27 

34,240 

5,85 

Eased  on  cost  of  production  LSI  packages  (24  pin) 


100  (crin.  order)  $20  each 

500  $15  each 

2500  $ 7 each 

5000  $6  each 


-593- 


According  Co  FACC’a  Tjiwrence  Wilson  who  heads  the  modem  production  for  the 
NATO-Ill  earth  terminals  being  made  by  FACC,  even  In  simple  circuits  where  LSI 
is  contemplated,  an  advantage  over  PC  boards  Is  realized  due  to  the  fact  that, 
say  for  an  LSI  chip  with  only  20  transistors,  the  individual  transistors  may 
actually  cost  less  than  the  20  transistors  In  the  I5I  chip,  but  the  labor  costs 
of  inserting  the  individual  transistors  Into  an  expensive  PC  board  ($50-§500 
depending  on  size),  and  the  testing  and  inspection  cycles  will  bring  the  cost 
of  Che  final  PC-board  far  In  excess  of  that  of  an  LSI  IC  even  for  very  small 


quantities . 

7. 5. 4- 2 A Note  on  Antenna  System  Manufacturing  Costs. 

The  I£I  and  Integrated  circuit  cost  description  in  the  preceding  paragraph  is 
priMrlly  material/technology  intensive  and  labor  costs  per-se  play  a secondary 

role. 

In  Che  case  of  antenna  costs  and  Mi  costs,  the  opposite  is  true;  labor  is 
a priMry  contribution  to  the  total  costa,  and  the  following  paragraphs  will 
discuss  the  nature  of  the  labor  and  naterial  costs  contributions  to  total  costs. 

.intenna  costs  are  very  nature  from  the  standpoint  of  the  learning  factor 
discussed  in  Figure  7-10  . Table  7-29  lists  learning  factors  developed  by  the 
Stanford  Electronics  Laboratories  in  1975  showing  that  all  learning  factors  rhould 
be  high  for  the  8F  portions.  At  base-band,  as  would  be  initially  expected  in 
1975  before  the  malor  advent  of  IC  use  in  color  TV  receivers,  and  the  development 
of  Tvao  receivers,  this  learning  factor  would  be  less.  However,  the  use  of  IC's 
changes  the  learning  factor  to  even  higher  than  that  of  the  RI  components. 

Historically,  antenna  and  microwave  amplifier  costs  have  been  dominated  by 
labor  costs.  A urge  10-meter  antenna  reTiires  r.ch  labor  in  manufact-re  of 
panels,  support  etnicture,  and  mount,  and  in  the  auembly  and  installation  of 
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TABLE  7-29 

Design  Learning  Factors 


Item 


Learning  Reference 

Factor  Reference 


o Antenna  Reflector 

0.93 

(Stanford,  1975*) 

o Feed 

0.93 

(Stanford,  1975) 

o Receiver 

0.94 

(Stanford,  1975) 

o LO 

0.94 

(Stanford,  1975) 

o Baseband  Circuits 

0.85(1975) 

(Assumed) 

0.96(1980) 

(Assumed) 

o Power  Supply 

0.95 

(Assumed) 

* Stanford  Connnuni  cat  Ions  Satellite  Planning  Center,  "Conuminication 
Satellite  and  Earth  Station  Hardware  Review",  Vol.  2.  Technical 
Report  No.  2,  Stanford  Electronics  Laboratory,  Stanford  University, 
August  1975. 


« 
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f . ^ systems.  An  RF  amplifier,  assuming  the  use  of  production  quality  microwave 
devices  (not  state-of-art  experimental,  engineering  modes,  or  one-of-a-kind)  1s 
also  labor  Intensive,  requiring  significant  assembly,  test,  checkout,  inspection, 
etc.,  to  meet  published  or  contracted  specifications.  Yield,  of  course,  contri- 
butes an  Important  factor  if  significant  variations  in,  say,  transistor  S-para- 
meters,  are  involved. 

Figure  7-12,  due  to  Dr.  R.  Harvey  and  Professor  D.  Staelin  of  MIT  (Contract 
NAS-5-25091)  plots  the  inflation  rates  for  both  labor  and  :naterials  showing  the 
growth  in  these  rates  which  significantly  affects  any  attempt  to  make  long-term 
predictions  of  high  labor  content  components. 

Until  recently,  antenna  costs  for  even  small  diameter  antennas  were  high 
because  of  the  small  volume  by  which  antennas  were  procured  thereby  requiring 
considerable  individual  unit  fabrication  and  making  the  cost  of  tooling  non- 
economical.  Figure  7-13  lists  antenna  and  mount  costs  versus  reflector  diameter 
of  Prodelin  antennas  for  coats  from  N*1  to  N»5000  as  of  1976  and  the  catalog 
price  in  1979.  ( 150  Prodelin  10-ft  antennas  were  procured  for  the  ATS-6  S-band 
Rocky  Mountain  Educational  TV  Experiment) . Note  that  despite  the  costs  of  in- 
flation, antenna  costs  declined  by  1979,  but  even  in  1976,  the  reflector  costs 
for  sizes  below  5 feet  were  below  $1000.  Table  7-26  lists  1980  Prodelin  costs 
showing  that  antennas  with  sizes  below  6 feet  in  diameter  (without  mount)  now 
cost  be  low  $500. 

Already,  volume- manufacturing  techniques  are  being  applied  to  antenna 
manufacture  due  to  increasing  4-GHz  TVRO  demands;  Scientific  Atlanta  now  manu- 
factures more  than  200  3-meter  and  4. 5-i...' '■er  antennas  (4  GHz)  per  month  using 
mass- production  stamping  processes  and  the  advent  of  the  1-meter  12  GHz  precision 
TV'RO  antenna  costing  less  than  $150  is  no  longer  a distant  concept. 
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1950 


Figure  7-12 

Recent  Inflation  rates  for  labor  and  r.aterials.  (Harvey) 
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1975 


RECURRING  COST  (1979*) 


I 


Figure  7-L3 

Antenna  and  Mount  Cost  versus  Reflector  Diameter 
of  Prodelin  Products 
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Tables  7-30  and  7-31  describe  typical  cose  breakdown  approaches,  listing 
both  ntaterlals  and  labor  and  cost  of  tooling,  with  Table  7-31  providing  an 
Illustrated  cost  breakdown  of  a Ku-band  6-neter  antenna  reflector  built  In  1977. 
Note  that  the  Individual  pauels  of  the  6-oeter  antenna  each  Is  roughly  equivalent 
to  twice  the  aperture  of  a l-mter  dish,  even  In  1977;  a 1-mater  dish  could 
have  coat  less  than  $200  (an  equivalent  structure  - a 36-lnch  circular  child's 
parabolic  metal  toboggan  for  snow  rides  cost  less  than  $15  at  Sears  at  this 
time).  Note  that  reduction  of  all  labor  costs  to  a tnlnlraum  and  the  use  of  quick- 
ly assembled  stamped  metal  parts  Is  the  key  to  cheap  precision  small  antennas  at 
2.5  and  i2.6  GHz  and  to  Yagl  or  helical  spirals  at  UHF. 

Table  7-32  lists  typical  cost  elements  of  the  mount,  feed,  an<  LNA.  of  a 
small  aperture  antenna.  All  material  elements  are  presently  low  volume  devices. 
Including  LNA  castings,  and  the  key  to  cost  reduction  Is  In  the  LNA  microwave 
device  cost  and  In  the  assorted  labor  costs.  At  present,  all  costs  '.re  dominated 
by  FET  costs,  which  have  seen  a drop  In  the  per-unit  FET  cost  of  $300- $500  in 
1975  to  $50  in  1980  and  will  probably  be  below  $10  by  1982.  If  these  FET  costs  - 
particularly  In  monolithic  GaAs  circuits  - can  be  reduced  such  that  the  amplifier- 
down-  converter  on-a-chlp  becomes  a low  cost  reality  (see  Section  6),  than  the 
integrated  FEED/INA,  which  is  a weather-proofed  unit,  mounted  on  the  1-aater 
dish  for  out-of-doors  all-weather  operation.  Is  a prime  candidate  device  for  costs 
veil  below  $100  and  no  longer  virtually  dominates  overall  TVHO  costs  In  that  this 
unit  now  costs  at  the  cost  level  of  either  the  antenna  or  the  recelw;.. 

7 . 5 • u . 3 A Note  on  Japanese  FET  Cost. 

The  prediction  of  low  FET  prices  in  Japan  was  discussed  In  the  article 
"Microwaves  In  Japan"  by  MSN's  Editor  in  Chief,  James  Fawcett  (^Feb.  1980)  when 
ne  wrote,  after  interviewing  many  Japanese  semiconductor-company  executives, 
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TA.BLE  7-30 

Antenna  Cos'.  Breakdcjwn 


Cost  Element 


Unit  Cost 


Cost 
Part  1 


Cost  Cost 

Part  2 Part  N 


Metal  Excrusions 
Aluminum  Sheet 


Adhesive 


Rivets 


Screws 


Labor 


Cost  of  Tooling 


^/length 

pound 

$ /Tube 


.^/Each 
. li/Each 


$ / Hour 

$ 


$..  . 


Siibtotal 


Total  (sum  of  subtotals)  Materials  and  Labor 


$.... 


TABLE  7-31 

Cost  Summary  (1977)  of  10-Panel  6-13eter 
Parabolic  Antenna 


Cost  Element 


Aluminum 

Adhesive 

Rivets 

Labor 


Unit  Cost 

90^  per  pound 
$10. 00/Tube 
each 

$13 . 00/hour 


Panel  Element 

86.45  pounds 
2 Tubes 
444  Each 
15.36  Hours 

Subtotal 

Number  of  Panels 


Panel  Cost 

$ 77.30 

$ 20.00 

$ 13.32 

$ 276.48 

$ 387.60 
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TABLE  7-3  2 

Nounr..  Feed  and  im  Coat  Breakdown 


Cost  Element 


Typical 

Unit  Cost Total  Cost  1980  Cost 


Feed  Casting! 

$.  .. 

. /Feed 

$ 

35 

1 

LNA  Casting 

> can  be  combined 

./Box 

$ 

50 

Moimt 

. /Part 

$ 

150 

Option  1: 

I2U  , 

FET/Diode  (Hybrid  Circuit) 

, , /Device 

$ 

120 

1 

1 

1 Microwave  IC 

. . / Board 

$ 

100 

LNA  . 

1 

Ootion  2: 

GaAs  Monolithic  IC 

(Microwave  Amplifiers/Converters) 

./Chip 

$ 

In 

Development 

Connectors  (RF  in,  IF  out,  LO  in) 

$.  . 

' • 

S 

15 

Cab  le 

$.  . 

. . /Foot 

$ 

10 

Conta iner/ Packaging 

. . /Subsystem 

$ 

20 

Labor: 

Assemb ly  . 

Initial  Test  • 

Inspection  and  Final  Test 
Painting/ Label /Packaging 


$ 25  (1  hr) 

$ 10 

$ 20 

$ 5_ 


Prime  Labor/MaCer lal  Costs 


485 


Sales  Cost  (Approx.)  using  2.2  factor 


1670 
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"From  UHF  to  12  GHz,  commercially  available  GaAs  FET's  due  out  this  year  and 
laboratory  devices  that  hint  at  the  near  future  indicate  the  struggle  NEC  and 
Mitsubishi  are  headed  for  in  the  1980s.  The  most  striking  example  is  the 
simultaneous  introduction  of  very  inexpensive  sub-2-dB  NF  FET's  for  12  GHz 
earth  terminals.  A dual-gate  GaAs  Mesfet  used  in  TV  tuners  is  manufacfured  by 
Matsushita  Electronics  Ind.  Co.,  Ltd.  Their  3SK97  produces  1.3  dB  NF,  15  dB 
MAG,  at  1 GHz,  but  costs  only  $1. 

Government  interest  is  just  beginning  to  spark  substantial  research,  aud 
analog  circuits  lag  digital  development.  But  a wider  range  of  "blue  sky" 
technologies  are  being  tested  - including  onhancemant-mode  Mesfets,  IGFETs,  and 
Mosfet  ICs  - than  in  the  USA  or  Europe.  One  government  contract  has  already 
yielded  the  world's  first  GaAs  LSI  of  1000  gate-equivalent  circuits,  although 
no  details  will  be  revealed  until  the  contract  terminates  in  another  year. 

NEC,  Toshiba,  Mitsubishi,  and  possibly  Fujitsu  are  expected  to  seek  the 
BSE-2  satellite  integration  contract.  Toshiba  and  Mitsubishi  are  both  develop- 
ing phased-array  radars.  .^11  the  companies  are  expanding  outside  their  tradi- 
tional military-service  alignments,  although  the  entire  question  of  serious 
military  development  appears  moot  unless  Article  Nine  of  the  constitution  is 
amended. 

Much  of  the  projected  growth,  indeed  the  entire  concept  of  direct- to- 
home  TV  satellites,  is  dependent  on  drastic  price  cuts,  which  such  industry 
leaders  as  Toshiaki  Itie  of  NEC  are  confidently  predicting.  Irie  supervises 
the  Tanagawa  plant  that  already  produces  30  million  microwave  devices  annually 
of  both  silicon  and  gallium  arsenide. 

Growth  of  the  semicondurtor  and  IC  division,  largest  of  NEC  s five  uLvisions, 
has  been  based  on  high  volume  production  and  the  shift  from  di  rete  silicon 
CO  ICs:  In  the  last  five  years  ICs  have  taken  o'^r  407,  of  sales  and  are  expected 
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to  reach  60>657,  in  the  next  five.  The  company  is  eager  to  retrace  the  same 
route  in  gallium  arsenide.  "I  believe  the  GaAs  FET  will  achieve  costs  as  low 
as  the  bipolar.  We  will  see  similar  quantities  in  the  TV  market",  Trie  claims. 

"I  think  for  GaAs  FETs  even  $5  is  too  high.  Prices  must  drop  two  orders  of 
magnitude.  Yes.  Perhaps  to  fifty  cents". 

While  home  receivers  for  satellite  television  offer  the  largest  and  most 
glamorous  market,  the  volumes  will  begin  building  even  before  that  field  opens 
with  the  laurxh  of  the  BSE-2  in  1983-4,.  An  NHK  (Japanese  broadcasting  corpo- 
ration) plan  to  use  similar  receivers  with  12  ..  K .ower-based  transmitters 
calls  for  60-80  thousand  units  a year  to  serve  600,000  hemes  hidden  in  valleys 
that  do  not  receive  television  and  Tokyo  homes  shielded  by  skyscrapers. 

Perhaps  surprisingly,  television  manufacturers  are  planning  to  use  GaAs 
FETs  in  UHF  tuners,  despite  higher  noise  than  bipolars,  because  of  the  disappoint- 
ing intermodulation  distortion  caused  by  drastic  impedance  changes  of  bipolar 
forward  AGC.  Matsushita  Electronic  Industries  Ltd.  has  already  tested  a plastic 
packaged  FZT  which  was  mentioned  on  the  preceding  page  with  a performance 
of  1.3  dB  NF  an  1 GHz;  the  company  has  yet  to  make  a commitment  to 
volume  manufacture.  NEC,  however,  already  has  a commercially  available 
FET,  the  NE218,  which  reaches  0.9  dB  NF  at  2 GHz  and  will  work  as  low  as 
70  MHz.  Some  instability  may  occur  at  2 GHz,  but  ease  of  matching  should 
preclude  this. 

7.5.5  T.^RO  Cost  BreakdoVTiS. 

Tables  7-33  through  7-41  list  typical  combined  labor  and  materials  costs 
which  have  been  obtained  for  various  qraantitifis  (1-100,  100,000,  IM,  and  lOM) 
of  TVRO  antenna  systems  having  the  various  G/T  figure  of  merits: 

UHF  - G/T  » 0 dB/°K;  S-Band  - G/T  = 0 dB/°K  12  GHz  - G/T  * 8 dB/°K 

- 8 dB/°K; 
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The  cost  figures  in  combined  labor  and  materials  costs  can  be  converted  to 
sales  coat  by  the  factor  2.2  which  is  representative  of  this  industry,  and 
Table  7-41  is  a total  cost  summary  which  includes  the  use  of  this  factor. 

7. 5.5.1  UHF  TVRO  Costs. 

Tables  7-33  lists  the  various  candidate  UHF  antennas  which  can  provide  the 
nearly  24-25  dB  of  gain  necessary  to  develop  a G/T  of  0 dB  with  a low  noise 
receiver  with  a noise  figure  of  around  1.5  dB.  As  noted,  the  parabolic  and 
Torus  antennas  are  very  large  and  therefore  very  expensive  and  not  really  a first- 
class  candidate  for  the  services.  On  the  other  hand,  the  YAGI  and  helical  antennas 
have  a long  history  of  application  in  this  freqxiency  range.  The  YAGI-UDA  antenna 
is  the  world's  most  widely  used  TV  antenna  and  the  helical  antennas  are  used  on 
many  satellites  and  many  NASA  and  military  UHF  earth  terminals.  The  YAGI  is  now 
used  in  the  USSR  for  the  716  MHz  earth  terminal  to  STATSIONAR-T  and  although  one 
YAGI  antenna  has  been  built  which  achieved  26  dB  gain  at  400  MHz,  it  was  so  long 
(80  wavelengths)  as  to  be  structurally  and  economically  non-vtable.  Accordingly, 
narrow-band  arrays  are  recommended  and  the  antenna  L/M  cost  will  be  high  (around 
$1000)  - even  in  a matured  art  which  provides  sophisticated  commercial  YAGI 
antennas  and  mounts  for  from  $75  to  $200. 

The  UHF  TVRO  cost  of  Table  7-34  reflects  that  essentially  this  receiver  is 
very  inexpensive  since  it  is  virtually  a counterpart  to  modem  UHF  TV  receivers  - 
including  varactor  tuning  or  synthesizer  tuning  - using  integrated  circuits  - as 
has  been  described  in  Section  6.  The  L/M  costs  of  around  38-85  dollars  (times  2.2) 
are  similar  to  stereo  tuner  costs  which  are  available  in  the  commercial  market 
in  a highly  competitive  environment. 


P.  C.  Goldmark  and  J.  Hollywood,  "Antennas  for  improved  hf  point-to-point 
reception",  CBS  Laboratories  Project  210,  1963. 
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TABLE  7-33 

JHF  TVRO  ANTENNA  (G/T  " 0 dB/K) 


Component 

Candidate  Technology 

Description/ Heritage 

1 

Nominal  Cost 
for  Indicated  Quantities 
(in  U.S.  dollars) 

1-100  100,000  IM  lOM 

Antenna 

1 

Prime  focus  parabolic 
or  Torus  antennas 

1 

Frame  parabolic 
dish  (4  meters)  with 
mesh  surface  and 
prime  focus  dipole 
feed 

2500 

300  200  150 

1 

Array  of  Yagi 
Antennas  with  LMA 
at  each  Yagi 

4-6  Yagi's  in  an  array. 

4 Yagi's  used  in  USSR 
EKRAN  system  at  716 
MHz  to  provide  25  dB 
gain. 

1500 

200  160  150 

i 

Array  of  aritenna- 
fiers  (Low  noise 
transistor  in- 
tegrated with 
dipole  element) 

Simple  antennafiers 
now  in  use.  Requires 
devel.  use  transistor 
gain  as  partial  sub- 
stitute for  aperture 
in  large  array. 

800 

1 200  160  150 

Helical  Antennas 

Used  with  MARISAT, 
OSCAR,  FLEZTSAT 

1000 

200  160  150 

TOTAL  QUANTITY  COST 

200  160  150 
to  to 

300  200 
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TABLE  7-34 

UHF  TVRO  RECEIVER  (G/T  » 0 dB/K) 


Component 

Candidate  Technology 

Descript ion/ Heritage 

Nominal  Cost 
for  Indicated  Qxiantities 
(in  U. S.  dollars) 

1-100  100,000  IM  lOM 

LNA 

l.5-3dB 

Bipolar  Transistor 

1-3  dB  NF/TV  sets 

50 

r- 

IC's 

. 

25  13  10 

FET  (silicon,  JFET) 

1-3  dB  NF/FM  Tuners 

50 

Down 

Converter 

Integrated  Circuit 

Similar  to  use  in 
color  TV  rec. 

300 

Oscillator 

Varactor  Tuned  OSC 

Similar  to  use  in 
color  TV  rec. 

250 

15  10  7 

Synthesizer  IC 

In  IC's  for  color  TV 
rec. 

Detector 
and  Video 
Processor 

Integrated  Circuit 

In  use  in  color  TV 
rec. 

25 

15  10  7 

Remodulator 
to  UHF/VHF 

Integrated  Circuit 

In  use  in  color  TV 
rec. 

25 

15  10  7 

C ircuit 
Boards  and 
Hardvare 

5-6  layer  board 
Cabinet/P.  S. /Knobs 

Conventional  receiver 
construction 

100 

15  10  7 

TOTAL  QUANTITY  COST 

85  53  38 
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7. 5.5.2  2.54-GHz  TVRO  Terminal  Coats. 

Tables  7-35  and  7-36  list  quantity  antenna  costs  for  2.54  GHz  antennas  in 
the  23-32  dB  gain  range.  The  candidate  antennas  are  parabolic  antennas,  torus 
frame  antennas,  and  helical  arrays. 

There  is  a long  cost  history  of  2.54  GHz  parabolic  antennas  following  the 
purchase  of  150  10-ft  diameter  plastic  antennas  from  Prodelin  (Santa  Clara,  Ca) 
for  use  with  the  ATS-6  Rocky  Mountain  Education  Experiment  in  1975-1976,  and 
small  antennas  now  being  developed  for  TVRO  use  at  4 GHz  can  be  adapted  to  commu- 
nity TVRO  use. 

In  considering  all  candidates,  it  is  not  possible  to  not  consider  the  possible 
use  of  phased  arrays  following  the  successful  Swedish  development  of  a 1-6  GHz 
phase  array  (price  unknown)  for  use  on  shipboard  in  the  MARISAT  system. 

As  noted  fcr  both  G/T  - 0 and  G/T  » 8,  these  antennas  are  costly  due  to  the 
feet  that  they  are  large  - from  5-10  feet  in  diameter  for  the  parabolic  dishes, 
and  the  costs  - in  the  thousands  of  dollars  - for  small  quantities  reflect  large 
structure/materia Is/mount  and  labor  costs. 

Table  7-26  lists  a variety  of  low  quantity  antenna  costs  at  4 GHz  by  both 
Prodelin  and  Andrew  which  provide  the  bases  of  these  costs. 

The  receiver  costs  listed  in  Table  7-37  reflect  a combination  of  two  costs; 

(1)  a LHA/down- converter  box  which  is  weather-proof  and  mounted  with  the  antenna 
feed,  the  assembly  is  connected  by  coaxial  cable  (which  also  supplies  d.c.  power) 
to  the  receiver  which  is  located  in  an  interior  place  near  the  receiver  or  re- 
broadcast  equipment;  and  (2)  the  receiver  which  accepts  an  input  signal  in  UHF, 
provides  gain  and  AGC,  demodulates,  and  remodulates  to  apply  a signal  at  a desired 
TV  channel  into  a TV  receiver. 
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Component  Candidate  Technology 


Antenna 

Prime  focus  parabolic 
antenna 

(Mount 

included) 

1 

Torus  frame-antenna 
using  mesh  wire 
I’ur  face 

1 

Phased  array  of 
printed  circuit 
elements  or  helical 
elements 

7-35 


Antennas  (G/T  ■ 0 dB/K) 


Descriptirn/Heritage 


5 -ft  diatn  dish 


3 X 3 -foot  (approx) 
rect.  frame  using  one 
or  more  prime  focus 
feeds.  High  side- 
lobes 


Similar  to  array 
developed  in  Scandi- 
navia for  1.6  '''Iz 
Marisat  system.  Very 
low  ( 35  dB)  side- 
lobes 


TOTAL  QUANTITY  COST 


Nominal  Cost 
for  Indicated  Quantities 
(in  U.S.  dollars) 


1-100  100,000  IM  lOM 


350  250  200 


OR.Gii^AL  PACE  !S 

OF  POOR  QUALITY 


TABUE  7-36 

2.54  GHz  TVRO  Antenna  (G/T  ■ 8 dS/K) 


NOMINAL  COSTS  FOR  INDICATED 
QUANTITIES  (in  U.S.  DOLLARS) 

COMPONENT 

CANDIDATE 

TECHNOLOGY 

DESCRIPTION 

1-100 

100000 

IM 

lOM 

ANTENNA 

Prime  focus  para- 
bolic antenna 

3 meter  dish 

1000 

500 

400 

350 

(Mount 

Included) 

Torus  frame  ant- 
enna using  mesh 
wire  surface 

4x8  foot  (approx)  rect. 
frame  using  one  or  more  ■ 
prime  focus  feeds.  High 
sidelobes 

1000 

600 

500 

325 

Phased  array  of 
printed  circuit 
elements  of 
helical  elements 

Similar  to  array  dev. 
in  Scandinavia  for  1.6 
GHz  Mari  sat  system. 

20,000 

2500 

1500 

1000 

500 

400 

325 

TOTAL  QUANTITY  COST 

to 

to 

to 

2500 

1500 

1000 

< 
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TABLE  7-37 


1?.54  GHz  TVRO  Receiver  System  (G/T  * 0 dB/K) 


Component 

Candidate  Technology 

Description/Heritage 

Nominal  Cost 
for  Indicated  Quantities 
fin  U.S.  dolUrs) 
1-100  100,000  IM  lOM 

1 Antenna  Mounted 

LNA 

FET  Amplifier 

I dB  (70K)  noise  fig. 

500 

all  IC 

50  30  25 

Bipolar  transistor 
amplifier 

1.5  dB  (120K)  noise 
fig- 

400 

Low  noise  mixer 

3 dB  conversion  loss 

400 

Down 

Converter 

Single  conversions 

Candidate  for  mono- 
lithic techniques  in- 
cluding LNA  and 
oscil lator 

400 

Interior  Installation  ] 

Oscillator 

VCO 

Varactor- tuned 
oscillator  now  avail- 
ble 

.. 

— 

150 

. 

15  10  7 

UHF  synthesizer 
IC' s plus  multiplier 

Synthesizer  in  use, 
some  in  color  TV  rec. 

150 

25  15  10 

TF,  AGC, 
Detector 
and  Video 
Processor 

Integrated  Circuit 

In  use  in  color  TV 
rec. 

25 

15  10  7 

Remodulator 
to  UHF/VHF 

Integrated  Circuit 

In  use  in  CATV  systems 

15  10  7 

Circuit 
Boards  and 
Hardware 

5-6  layer  board 
Cabinet/P. S . /Knobs 

Conventional  receiver 
construction 

100 

15  10  7 

TOTAL  QUANTITY  PRIME  COST 

110  75  56 
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The  Interior  "receiver"  will  be  Inexpensive  - using  essentially  U'iF  TV 
receiver  techniqiies  and  circuits;  the  and  down- converter  for  low  quantities 
will  be  fairly  expensive.  In  1980,  a I.5-dB  amplifier  is  available  in  TO-5 
can  modular  form  and  can  be  procured  (Avantek,  Amplica,  etc.)  as  a packaged  am- 
plifier for  around  500-1000  dollars.  A down- converter  is  now  marketed  by 
Merrimac  (see  Section  6)  for  around  $1200  sales  cost  and  around  $400  L/M  cost. 

Thus  the  prime  (L/M)  cost  in  q^oantity  will  range  from  56  to  ilO  dollars. 

7.5. 5.3  12-GHz  TVRO  Costs 

Tables  7-28  to  7-40  describe  the  cost  breakdowns  for  12  GHz  direct-to-user 
service  for  the  various  alternatives  associated  with  the  1-meter  antenna  (or  equi- 
valent), the  LNA,  and  the  receiver. 

There  is  a large  disparity  between  various  antenna  technologies  for  small 
quantities.  The  slotted  waveguide  array  and  printed  circuit  arrays  are  expensive 
to  make  in  small  quantities,  while  the  small  parabolic  antennas  (including  feed, 
structure  and  mount)  are  relatively  low  cost.  However,  at  high  volume,  mass  pro- 
duction tooling  and  automatic  manufacture  of  all  antenna  types  will  result  in 
very  low  cost  (30  to  100  dollars)  depending  on  type  and  qijantity. 

In  1980,  the  12-GHz  L^^A  is  the  pacing  item  for  a 1-meter  TVRO  terminal  cost. 
This  is  due  to  the  present  high  cost  of  12  GHz  FET's  although,  at  4 GHz  FET's  are 
experiencing  a significant  cost  reduction.  1980  noise  figures  for  production  FET's 
can  now  be  specified  at  4 dB.  However,  within  3 years,  such  devices  will  produce 
2 dB  noise  figures  due  to  competition  in  low-noise  GaAs  Mesfets  at  12  GHz  in 
Japan,  i.e.,  the  NE137  from  NEC,  and  the  MGF-1403  from  Mitsv^bishi.  The  NE137 
will  be  commercially  available  with  a noise  figure  of  about  2 dB  at  12  GHz  based 
on  laboratory  devices  now  providing  1.68  dB  .NF  using  a "deep-recessed"  half- 
micron gate  which  drops  source  resistance  and  noise  figure.  The  use  of  un- 
conventional structure  in  Mitsubishi's  low-noise  FET's  has  produced  noise  1.3  dB  at 
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TABLE  7-38 

12  GHz  TVRO  Antenna  (G/T  ■ 8 dB/K) 


Component 

Candidate  Technology 

Description/Heritage 

Nominal  Cost 
for  Indicated  Quantities 
(in  U.S.  dollars) 

1- 100  ; 

100,000 

IM 

lOM 

Antenna 

Prime  focus  feed 
parabolic  antenna 

1-meter  assembly 
with  first  sidelobes 
in  12-17  dB  range 

250 

1 

1 

50 

40 

30 

1 

Off-set  Fed 
parabolic  antenna 

1-meter  assembly  with 
first  sidelobes  in 
25-36  dB  range 

300 

50 

40 

30 

Slotted  waveguide 
array 

36  X 36  inch  flat 
plate  with  sidelobes 
40-50  dB  range 

5000 

i 

75 

50 

40 

Printed  Circuit 
array 

36  X 36  inch  flat 
plate  with  corporate 
feed- side  lobe?  in 
40-50  dB  range 

10000 

100 

60 

50 

50 

40 

30 

TOTAL  PRIME  COST 

to 

to 

to 

100 

60 

50 
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table  7-39 

12  GHz  TVRO  LNA/Firit  Down  Converter 
(G/T  - a dB/K) 


Component 

Candidate  Technology 

Des  :ription/ Heritage 

Nominal  Coats 
for  Indicated  Quantities 
(In  U. S.  dollars) 

1-100 

100,000  IM  lOM 

Low  noise 
amplifier 
(motinted 

* 

FET  ampli.i^ier 

100-200 ^NT-present ly 
high  coat,  develop- 
mental onlv 

1500 

1 or  2 IC'a 
(monolithic  GaAs) 

with  r- 
integrated 
with  feed) 

Konishi  Mixer  ' 

i 

1 

400^NT  - Wafer  assem- 
bly in  WG 

1000 

50  30  25 

First 

Down 

converter 
and  i 

oscillator 

_ . 

Single  conversion  ^ 

i 

Conversion  to  inter- 
mediate freq.  950- 
1450  MHz 

500 

TOTAL  QUANTITY  PRIME  COST 

1 

50  30  25 

* 1930  Noise  figures  for  production  12  GHz  FET's  are  at  db.  Laboratory  and 
developmental  FET's  are  at  2 db.  By  1984,  production  Giiz  FET's  are 
predicted  to  give  2 db  noise  figures,  and  by  1987,  monolithic  gallium 
arsenide  FET  MIC  amplifiers  will  give  1.5  db  NF. 
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TABLE  7-40 


12  GHz  TVRO  Terminal  (G/T  « 8 dB/K 


Component 

Candidate  Technology 

Descript ion/ Heritage 

! 

Nominal  Cost 
for  Indicated  Quantities 
(in  U.S.  dollars) 

1-100  100,000  IM  lOM 

Second  down 
converter 

Single  conversion 

Input  450-1450  MHz 
Output  70  MHz 

, 350 

1 

Two  IC's 

1 

40  20  12 

Tuning 

oacillatcr 

VCO  for  tuning 

i 

1 

Varactor  tuned  micro- 
wave  FET  oscillator- 
use  monolithic 
techniques 

m 

150 

Synthesizer  for 
tuning 

Synthesizer  IC  at 
UHF/VHF  in  use 

200 

IF,  AGC, 
detector 
and  Video/ 
Audio 

1 

processor  1 

2-1  Integrated 
circuits 

1 

In  use  for  modem 
color  TV  rec. 

25 

15  10  7 

Remodulator 
to  UHF/VHF 

Integrated  Circuits 

In  use  for  modem 
CATV  systems 

25 

15  10  7 

Circuit 
boards  and 
Hardware 

5-6  layer  board 
Cabinet/P. S . /Knobs 

Conventional  receiver 
construction 

100 

15  10  7 

TOTAL  QUANTITY  PRIME  COST 

85  50  33 
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12  GHz  in  Che  laboratory.  More  signiflcancly,  consnerclal  samples  are  now  avail- 
able  that  provide  1.7  dB  at  12  GHz,  but  at  a coat  that  matches  their  Rolls  Royce 
performance,  $283.50  apiece.  The  battle  continues  at  4 GHz,  ^/here  a pair  of  less 
expensive  devices,  the  NE218  and  MGF-1412,  both  offer  around  0.7  dB  NF.  However, 
the  eventual  advent  of  the  $1  FET  as  predicted  by  Japan's  Dr.  Erie  of  NEC  will 
cause  the  FET  at  12  GHz  to  seriOw-’ly  compete  with  Che  KONISHI  waveguide 
mounted  mixer  - and  ultimately  produce  microwave  IC's  in  the  25-50  dollar  range 
(L/M). 

Table  7-40  lists  the  cost  ranges  <or  the  receiver  of  the  12  GHz  TVRO  ter- 
minal which  is  located  inside  a home  next  to  a TV  set  and  receives  a converted 
signal  from  12  GHz  to  UHF  via  a cable  from  the  outdoor  antenna-mounted  LN^.  As 
in  the  case  of  the  UHF  and  S-band  TVRO  terminals,  this  receiver  is  essentially 
a "counterpart”  to  present  IHF  TV  receivers  and  a labor  and  material  cost  of 
33  to  85  dollars  for  the  stated  quantities  will  be  realized. 

7. 5. 5. 4 TVRO  Terminal  Summary  Cost  Ranges. 

Table  7-41  s\iamarizes  Che  cost  ranges  for  prime  labor/material  costs  listed 
in  Tables  7-33  through  7-40  and  applies  the  2.2  factor  to  these  prime  costs  to 
achieve  representative  sale?  costs  for  the  various  terminals  at  the  three 
frequency  ranges  and  for  quantities  of  100,000,  1,000,000,  and  lO  million. 

Note  that  the  Ku-band  TVRO  direct- to-user  sales  costs  range  from  462  to  215 
dollars  depending  on  quantity  which  natch  costs  now  predicted  in  Japan  and  predict- 
ed (unofficially)  for  the  Corasat-Sears  system. 

At  lower  frequencies,  ante-na  and  LNA  costs  provide  much  higher  terminal 
costs,  with  Che  highest  costs  occurring  at  2.54  GHz  due  to  the  combined  cost  of 
aperture  and  sensitivity  - the  costs  at  UHF  being  dominated  by  aperture  costs  and 
at  12  GHz  by  sensitivity  costs. 
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TABLE  7-41 


TVRO  Cost  tonges  In  1980  Dollars 


* 


Subsystem 

Antenna  System 

Receiver  System 

TVRO  System 

Quantity  (M' 

0.1  1 lOM 

0.1  1 lOM 

0.1  1 lOM 

1 Ave.  L/M  Costs 

1 

Ave.  L/M  Costs 

Ave.  Sales  Costs** 

UHF  (0.8  GHz'* 
Figs.7-33;7-34 

250  16C  150 

8.5  53  38 

Note:  includes 
LNA 

737  468  413 

S-Band 
(2.54  GHz) 

Figs.7-35;7-37 

350  250  200 

i 

110  75  56 

Note:  includes 
LNA 

1012  715  512 

1 

Ku-Band 

(12  GHz)  Ant. 

LHA 

Total 

Figs.7-38;7-39; 

7-40 

75  50  40 

50  30  25 

125  80  65 

85  50  33 

462  286  215 

* G/T  = 8 db  at  12  GHz,  Odb  at  0.8  GHz  and  2.54  GHz. 

**  Sum  of  Antenna,  LllA,  and  Receiver  Costs  given  as  prime  labor  and 

materials  (L/M)  costs  in  first  two  columns,  and  multiplied  by  2.2  to 
get  sales  cost. 
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Such  costs  could  not  have  been  predicted  even  at  the  time  of  WARC-77.  They 
are  possible  now  primarily  due  to  the  maturation  of  FET  technology  and  manufacture, 
the  introduction  of  monolithic  GaAs  technology  for  microwave  amplifier  manufacture, 
and  the  development  of  sophisticated  but  very  inexpensive  IC's  for  commercial  UHF 
TV  receivers. 

7.5  6 System  Costs  in  Broadcast  Satellite  Service. 

Space  segment  and  earth  segment  costs  have  been  developed  in  this  section 
primarily  from  the  standpoint  of  available  technology  rather  than  from  a general- 
ized system  viewpoint. 

As  pointed  out  earlier  in  this  section,  it  is  practical  until  around  1986 
to  consider  only  Delta^  Ariane  1,  or  Atlas-Centaur  class  launches  now  predicated 
as  costing  in  the  $40  million  dollar  range.  A satellite  capable  of  providing 
EIRP  in  the  60-65  dbw  range  for  at  least  four  channels  will  cost  from  40-50 
million  dollars  each.  Thus  the  space  segment  cost  will  range  from  $150  million 
to  $250  million  dollars  depending  on  the  number  of  satellites  procured,  the 
laxjnch  costs,  the  TT&C  terminal  costs,  and  the  cost  of  money  including  inflation 
and  Insurance. 

Table  7-42  lists  typical  system  costs  for  a 12  GHz  direct-to-user  system 
for  space  segment  costa  from  $150M  to  $250M,  and  for  1-raeter  TVRO  costs  derived 
from  Table  7-41. 

Note  that  on  the  basis  of  an  overall  system,  the  space  segment  cost  totally 
dominates  system  costs  until  a quantity  between  500K  and  IM  earth  teminals  is 
used.  In  that  range  of  quantities,  the  earth  segment  costs  start  to  dominate  and 
by  lOM  receivers,  totally  dominate  the  system  costs. 
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L\3LE  7-42 

Typical  System  Costs  - 12  HHs  Direct- r 


Space  Segtneni::  2 Satellites  in  orbit  (CO-65  dbw) 

1 Spare 

7 Year  satellite  life 

1 Tracking  Station  + maintenance 

2 Launch  vehicles 

Cost  of  money,  inflation 
Cost  of  Insurance 


160-200  M Dollars 


Ground  Sesiment! 

Quantity 

10 

100 

IK 

lOK 

lOOK 

IM 

lOM 

o 1-meter  Antenna  TVRO  Costs 

Nominal 
Unit  Cost 
($) 

10 

5 

2 

1.2 

0.4 

0.25 

0.2 

Nominal 
Quantity 
Costs ($) 

lOOK 

500K 

2M 

5M 

40M 

250M 

2B 

o Total  Space 
Plus  Ground 

Segment  ($M) 
Segment  Costs 

- $150M 

Space  Segment 

150. 1 

150.5 

152 

165 

1901 

400 

2.15B 

- $200M 

Space  Segment 

200. 1 

200.5 

202 

215 

240  1 

450 

2.2B 

- $250M 

Space  Segment 

250.  1 

250.5 

252 

265 

\ 

290 

^500 

2.25B 

Cross-over 

point 
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ABSTRACT 


Algorithms  ar«  presented  for  estimating  the  weight 
and  cost  of  communicaticns  satellites.  A computer 
program  called  the  Spacecraft  Parameter  and  Cost  Estimating 
program  or  SCPCE  is  described  and  presented  which  Implements 
thaie  algorithms.  A user's  manual  and  sample  runs  are  in- 
cluded to  allow  the  reade  to  run  the  program. 
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PART  1 

GETERAL  PROGRAM  DESCRIPTION 


1.0  INTRODUCTION 


The  spacecraft  (5/C)  estiniating  model  described  herein  predicts  S/C  weights 
and  costs  based  on  derived  factors  and  the  use  of  a modified  version  of  Che 
SAMSO  S/C  cost  model.  A computer  program  has  been  designed  to  allow  system 
engineers  to  estimate  S/C  sizes  and  costs  and  the  effect  of  increasing  or 
decreasing  communications  capability  on  size  and  cost  when  performing  system 
level  definition  and  trade-offs.  The  model  use  is  limited  to  communications 
payloads  (or  payloads  that  are  equivalent)  for  estimating  size  and  costs 
although  the  S/C  parametric  estimates  can  be  used  for  sizing  any  type  of 
S/C.  Further  ttie  model  is  limited  to  3-axis  S/C  and  the  use  of  the  Space 
Transportation  System  as  a launch  vehicle.  Cost  estimates  generated  are 
defined  as  "end-of -program  should  costs." 

2.0  ge:teral  model  description 

Figure  Ul  depicts  the  general  program  flow  of  the  model  which  consists  of 
four  major  routines. 

2.1  Orbital  Parameter  Generator 

Through  the  use  of  simple  Keplerian  formulas,  IV s are  estimated  for  the 
defined  S/C  orbits.  An  STS  launch  vehicle  is  assumed  starting  from  a park- 
ing orbit  of  160  nautical  miles  altitude  at  an  appropriate  inclination  for 
ETR  or  WTR.  Model  selects  minimum  inclination  change. 

2.2  Spacecraft  Parameter  Generator 

Using  the  payload  weight  and  power  as  Inputs,  the  model  generates  estimates 
for: 
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Figure  1-1.  General  Program  Flow 


o TT&C  Wtlght  and  Povar 
o Attitude  Control  Weight  & Power 
0 PropuleloQ  Weight 

0 Electrlcel/Mechenlcel  Integration  Weight 
o Thermal  Weight 
0 Electrical  Power  Weight 
0 Number  of  cells  In  the  array 
o EOL  & BOL  Power  (equinox) 

0 On-Orb  if.  Fuel  Weight 

o S/C  On-Orbit  Weight 

o S/C  Launch  Weight 

o Transfer  Orbit  System 


These  estimates  are  all  based  on  FACC  experience. 

2.3  Spacecraft  Cost  Generator 

The  estimated  S/C  subsystem  weights  and  power  are  rearranged  to  fit  the  SAMSO 
Cost  Estimating  Pvelatlonshlp  (CER)  parameters  and  Basic  Cost  Estimates  at  the 
subsystem  level  are  generated  using  an  FACC-modlf led  version  of  the  SAMSO 
CER's.  ’ Weighted  complexity  factors  are  then  generated  and  applied  to  the 
Basic  latimates  to  arrive  at  the  cost  estimates  for  the  derived  S/C.  Both 
non-recurring  costs  and  recurring  (First  Unit  Costs)  costs  are  generated 
including  Management  and  Support,  prototype  refurbishment  (where  required) 
and  total  space  segment  costs  including  profit  and  on-orbit  incentives, 
transfer  orbit  system  costs,  and  STS  costs. 

A provision  has  been  provided  in  the  model  so  that  if  the  user  has  all  of 
the  S/C  parameters,  the  model  can  bv»  used  to  generate  just  the  S/C  costs. 


2.4  Trade  Generator 


TraJe-offs  can  be  accomplished  using  different  spacecraft  parameters.  The 
nrdel  retains  the  Initial  computations  as  a baseline  and  recomputes  all  of 


1.  Franklin  Fong,  ec  al,  SAMSO  Una>;med  Spacecraft  Cost  }todel.  Updated 
Cost  Estinarir.g  Relationships  < Normalization  Factors  (An  Interim 
Report) , Cost  Analysis  Division,  Hq.  SAMSO,  January,  lQ/7. 

2.  Christopher  J.  Rohwer,  et  al,  SAMSO  Unmanned  Spacecraft  Cost  Model, 
Third  Edition,  Cost  Analysis  Division,  Uq.  SAl'SO,  TR-75-229,  August, 
1975. 
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th«  S/C  weights  and  coats  based  on  the  new  Inputs.  It  then  prints  out  the 
new  results  and  the  differences  from  the  baseline.  Based  on  Che  results 
cf  the  trades,  the  user  can  retain  or  replace  the  stored  baseline. 

3.0  TECHNOLOGY  BASE 


With  Che  exception  of  the  electrical  power  subsystem,  the  technology  base 
for  estimating  S/C  weights  Is  essentially  that  which  would  be  available 
for  a S/C  launched  in  1985-87  time  period.  Although  some  Increases  in 
the  technology  base  can  be  anticipated  post  1985-1987,  they  would  have  to 
be  radical  in  nature  for  a significant  difference  to  be  seen.  For  the 
electrical  power  subsystem,  two  technology  bases  are  Included  in  the  model 
one  for  1985-87  launch  (up  to  1984)  and  one  for  1988+  launch  (1985) . 
Significant  Increase  in  power  generating  capability  per  pound  of  power 
subsystem  weight  is  anticipated  in  the  post  1985  time  period.  Where  an 
apogee  motor  capability  is  included  in  the  S/C,  use  of  bi-propellant 
system  is  factored  into  the  model. 

4.0  COST  BASE 


The  cost  base  provided  in  the  model  has  been  set  in  terms  of  1980  dollars. 
All  computations  are  presented  for  that  base  year.  To  establish  a cost 
estimate  for  base  years  beyond  1980,  the  generated  cost  estimates  crust  be 
spread  and  appropriate  inflation  factors  applied.  The  model  does  include 
an  inflation  application  which  is  described  in  Part  II.  To  achieve  this 
capability,  costs  of  the  base  year  are  first  spread  over  the  program  and 
then  inflation  factors  applied. 


PART  II 


BASIC  ALGORITH>G 


1.0  INTRODUrnOS 


Included  in  this  part  of  the  documentation  are  the  basic  computational 
algorithms  used  in  themodel.  They  include  equations,  factors  and 
relationships  required  to  generate  required  model  parameters.  Th^. 
factors  used  in  generating  the  S/C  weights/power  are  based  on  a simple 
averaging  (weighted  to  FACC  S/C)  of  these  factors  from  some  30  different 
3-axis  S/C  designed  for  many  different  types  of  orbits. 

2.0  COST  MODEL  VALIDITY 


The  SAMSO  statistical  base  does  not  include  S/C  in  the  4-7,000  lb. 
category.  There  is,  therefore,  some  question  to  its  validity  when 
extended  to  this  category  of  S/C.  FACC  has  examined  relatively 
detailed  S/C  de'-.'.^ns  ir.  this  r=>nge  and  has  concluded  that  the  SAMSO 
model  can  be  extended  to  t^.'s  i.ange  and  may  be  valid  within  the  basic 
overall  validity  of  the  original  SAMSO  model.  Application  of  this  cost 
model  to  S/C  greater  than  7,000  lbs.  on-orbit  and  especially  those  S/C 
.^hich  might  be  assembled  on  orbit  is  not  valid. 

\ 

3.0  EQUATIONS /FACTORS 

3.1  Equations 

Table  2-1  contains  the  basic  equations  contained  in  the  model. 

3.2  Factors 

Table  2-2  contains  the  basic  factors  and  factor  relationships  contained  in 
the  model. 

*3.3  Spreads 

Table  2-3  contrins  the  basic  cost  spread/ inf lation  application  relationships 
contained  in  the  model. 
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Note; 

1.0 


c^..  :'v  ■ : ■ 

OF  s-::  . . v'  ■ ' • t 


TABLE  2-1 

BASIC  co:ipctational  equations 
Acronyms  used  are  defined  in  Table  2-4. 


Orbital  Computations 

1.1  At  Perigee  (/iV  velocity  change  for  transfer  orbit  insertion) 


DVl 


7Tr2.15227EllxFARl^  - 7727.9 
FPR  (FAR  + FPE)  J 


add  3443-9  to  altitudes 
Note;  FAR  & FPR  are  radii  in  n.  miles,  aoa 


1.2  At  Apogee 

1.2.1  Inclination  change  (STX) 

STX  - /FINC-K/ 

Select  smallest  STX  from 
X - 28.5  or  55.0  for 
X - 75.0  or  90.0  for 

1.2.2  Circular  orbit;  any  inclination 


Eastern  Test  Range  Launch 
Western  Test  Range  Launch 


V3 


V4 


2.15227E11 


FAR 

7x2.15227EllxFPR 


FARCFTR  + FAR) 

1.2.3  Non-circular  orbit:  any  inclination 

Al  - (3603.9+FAR)/2  ; A2  - (FPP.+FAR)/2 
El  - (FAR/AD-1  ; E2  » (FAR/A2)-! 


B1  - Al/l-El^ 


; B2  » A2/1~L2‘ 
; P2  - B2^A2 


PI  - BlVAl 

(2.15227E11  (2/p^-l/^))^ 
C2.15227E11  ‘ 


V3 

V4 


1.2.4  AV  at  apogee  for  final  orbit  acquisition 

1 

DV2  ^ fv3^  + V4^  -2i73xV4  cos  (STX)  j 
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TABLE  2-1  (Cent.) 


1.0  (Cont.) 


Weight/Fuel 

Z1-Z6 

1.3.1  Weight: 

Weight  Final  » Weight  Initial  x ^^V/9. 8Q7xIsp 

1. 3.1.1 

At  Perigee  AV  • DVl 

1.3. 1.2 

At  Apogee  AV  ■ DV2 

1.3.1. 3 

Isp  - See  Part  2 of  Table  2-2 

Note:  AV  » DVMV  is  maneuver  capability  specified 

1.3.2  Fuel: 

Weight  fuel  ■ weight  initial  - weight  final 

2.0  Basic  Spacecraft  Computaclons 

2.1  S/C  on  orbit  weight 

BSWT  - EBUS  subsystem  weights 
OOFM  - FVTF  X BSWT 

PSPW  « 0.1  (OOFF  + DVMFW)  + 56.9  - with  AKM 
SCOWT  * CWT  + OOFW  + DVMV  + BSWT 

2.2  S/C  Launch  Weight 

SCLWT  • ((SCOWT+XNBTl)  x Z_  + mRT2)  x Z_  + aW 

Note;  XNRT's  & Z’s  depend  upon  perigee  motor  used. 

3.0  Costing 

Note;  NR  ■ Non-recurring  cost;  R » Recurring  cost 

3.1  Communication  Subsystem 

NR  * CNWF(1375.6  + 199.6  x (CC?)*^^^ 

R - CRWF(67.6  X (CCP)*^^  - 91.9) 

3.2  TT&C  S/S 

NR  - TNWF(287.7  + 22.2  x TCP) 

R - TRWC91.9  + 13.1  X TCP) 

3.3  Structure  S/S 

NR  - SNWF(759.0  + 66.0  x (SCP)*^^  ; SNWF  - 1.346 
R « SR'.vF(2.4  + 7.5  X (SCP)*^^)  ; SRWF  ■ 1.377 
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TABLE  2-1  (Cont.) 


OF 


3.4  Attitude  Control  (ACS)  S/S 

NR  - ANWF( 734.9  + 79.9  x (ACP)*^^  ) 

R - ABWr(25.0  + 40.9  x (AGP)*®) 

3.5  Electrical  Power  S/S 

NRl  - 440.3  + 2,0  x ECP2 
NR2  - ENWF(50  x ECP3/1000) 

R1  - 83.5(ECP1  X ECP2)*^^^^® 

?2  - ERWF(40  X ECP3/1000) 

NR  « NRl  + NR2 
R - R1  + R2 

3.6  Weighted  complexity  factors 

CN  - Sinn  of  individual  complexity  factors  from  Section  3.8 
CN  ■ Constant 
abWF  - ((QI  + CF)  x X)  xY 

a ■ C,  T,  A or  E for  Comm.,  TTC,  ACS  or  EPS 


b * N or  R for  Non-recurring  or  Recurring 

3.6.1 

NR 

R 

X 

Y 

CN  X Y 

CN 

COMM  .52 

.48 

.39  .56  .44 

.29 

TTEC  .52 

.48 

.294  .52  .48 

.211 

ACS  . 62 

.38 

.497  .50  .50 

.296 

EPS  .56 

.44 

1.132  .52  .48 

.836 

STS  Costs 

3.7.1  Factor  - STSCF 

a)  LZ 

b)  STSCF 

c)  STSCF 

- ((SCLWT  X 60)/65000)  - PML 

- SCL  + PML/60  IF  SCL  > LZ 
■ SCLWT/65000 IF  SCL  < LZ 

3.7.2  STS  Cost 

.STSC  - (STSCF  X 

C)  + 4300 

C - 22 

722.4 

If  military  program 

C » 33806.6  If  coroerclal  program 
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TABLE  2-1  (Cont.) 


r'' 


. { 


3t8  Basic  Complexity  Factors 

3.8.1  Comnunicatlons  Subsystem 


INPUT 

CLl 

Highest  Consnunicatlons 

Frequency 

1 - 15  GHr 

2 - 15-56  GHz 

3 ■ 56  GHz 

CL2 

Highest  F.F.  Level  at 
Highest  Frequency 

CLl  1 

2 

3 

CL2 

NR/R 

NR/R 

NR/R 

1 ■ < 5 watts 

1 

.233/. 196 

.325/. 284 

.551/. 475 

2 ■ 5 to  10  watts 

2 

.252/. 220 

.375/. 318 

.608/. 512 

3 » 10  to  20  watts 

3 - 

.281/. 245 

.424/. 352 

.664/. 549 

4 ■ 20  to  40  watts 

4 

.345/, 264 

.481/. 385 

.742/. 583 

5 ■ > 40  watts 

5 

.392/. 305 

.523/. 419 

.799/. 617 

aj 

Type  of  Transponder 

CL  3 

NR 

^ 

1 - Translating 

1 

.100 

.i09 

2 - Regenerative 

2 

.140 

.229 

3 - Combination 

3 

.245 

.355 

CL4 

Number  of  Active 

CL4 

NR 

R 

Power  Amps 

1 ~ 4 IQ 

1 

.067 

.073 

2 - 4 5Q 

2 

.086 

.080 

3 - ^100 

3 

.112 

.088 

4 - > IQQ 

4 

,137 

.089 

CL5 

Number  of  Different 

CL5 

NR 

R_ 

Frequency  Bands 

1-1 

1 

.034 

.037 

2-2 

2 

.035 

.037 

3-3 

3 

.039 

.040 

4 - > 3 

4 

.040 

.041 

ae 

Number  of  RCr/XMIT 

CL6 

NR 

R_ 

Antenna  Sets 

1 - 1 

1 

.035 

.034 

2 - 2,3 

2 

.039 

.039 

3 - 4-6 

3 

.042 

.043 

4 - > 6 

4 

.047 

.049 
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TABLE  2-1  (Cont.) 


inplt:  description  complexity  factors 


Most  Complex  Antenna  Coverage 

CL7 

NR 

^ 

1 - Earth 

1 

.135 

.135 

2 - Single  Spot:  BW  >1.0° 

2 

.266 

.225 

3 - Single  Spot;  BW  < 1.0° 

3 

.332 

.281 

4 - Shaped:  Single  BW  > 1.0° 

4 

.380 

.230 

5 - Shaped;  Single  BW  < 1,0° 

6 - Multiple  Spot 

5 

.475 

.288 

Single  BW  > 1.0° 

6 

.430 

.182 

7 - Multiple  Spot 

Single  BW  < 1.0° 

7 

.559 

.236 

8 - Scanning  C 7 BW's 

8 

.662 

.212 

9 - Scanning  > 7 BW's 

9 

.726 

.297 

Most  Complex  Antenna  Design 

CL8 

NR 

R 

1 - Horn 

1 

.100 

.100 

2 - Single  Reflector 

2 

.100 

.227 

3 - Dual  Reflector 

3 

.248 

.248 

4 - Single  Lens 

4 

.271 

.328 

5 - IXial  Lens/Phased  Array 

5 

.448 

.542 

Number  of  Feed  Elements  in  Most 
Complex  Antenna  Design 

CL9  ' 

NR 

R_ 

1 - 1-10 

1 

.100 

.102 

2 - 11-25 

2 

.229 

.234 

3 - 26-50 

3 

.458 

.455 

4 - 51-75 

4 

.628 

.624 

5 - 76-100 

5 

.798 

.794 

6 - > 100 

6 

.846 

1.172 
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TABLE  2-1  (Cont.) 


3.8,2  TT&C  Subsystem 


INPUT 

« 

TLl  Max.  TTSiC  Bit  Rate:  CMD  or  TLM  I 

1.  ^ 10^  BPS  1 

2.  10^  < 10^  BPS  2 

3.  > 10®  BPS  3 

TL2  Total  Nvmber  of  Comoands  T 

1,  1000  1 


2.  > 1000  2 

TL3  Type  of  Conmunlcatlons 

Processing  1 

1 . None  1 

2.  Centralized  ^ 

3.  Distributed  - 


TL4  Processing  or  TT&C  Storage  1 

1 . None  ] 

2.  10^  bits  : 

3.  10^  ^ 10®  bits  : 

4.  > 10®  bits  >■ 

T15  Processing  Memory  1 

1 . None  ] 

2.  Mag.  Core  2 

3.  Tape  3 


TABLE  2-1  (Continued) 


3.8.3 

AC  Subsystem 

INPUT 

description 

COMPLE.TITY 

FACTOR 

ALl 

Attitude  Reference 

AU 

NR 

R ' 

1.  Inertial  or  Other 

1 

.256 

.282 

2.  Celestial 

2 

.357 

.321 

AL2 

Pointing  Control 

AL2 

NR 

R 

1,  Open  Loop 

1 

.190 

.206 

2 . Closed  Loop 

2 

.255 

.332 

AL3 

Pitch  Axis  Pointing  Accuracy 

AL3 

NR 

R 

1,  :»  + 1.0° 

1 

.294 

,302 

2.  0.25°<i.0° 

2 

.356 

.365 

3.  0.1°<0.25° 

3 

.482 

.429 

4.  < 0.1° 

4 

.835 

.544 

3.8. 

4 EP  Subsystem 

tTR 

_R 

1.  IBPR  ^ 750 

1 

.432 

1.978 

2.  T3PR  t 1250 

2 

.437 

2.747 

3.  TBPR  < 1750 

3 

.442 

3.846 

4.  TBPR  < 2250 

4 

.447 

4.945 

5.  rSPR  < 2750 

5 

.452 

6.044 

6.  TBPR  4 3250 

C 

.457 

7.143 

7.  TBPR  > 325 

7 

.462 

9.066 

Note:  No  user  input  is  required. 
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TABLE  2-2 


BASIC  SPACECRAFT  SIZING  'Al^AMETERS 


1.0  Spacecraft 


1.1  On-orbit  Fuel  Weight 

FWF  ■ .252  of  .073  (geostationary  orbit  vs.  non-geostationary) 

1.2  EPS  Factors 


1.2.1  Bas ic  Factors 


C1982 

>1982 

ARYWF 

13.0 

17.5 

BWTF 

70.0 

42.5 

XCLSF 

0.11 

0.15 

1.2.2  Sizing:  EPSW  - ARYW  + BATW  + SHWT  + PCUW 

ARTW  - BOL/ARIWF 

BA'Pv  - BWTF  X XSCB 

XCLS  - BOL/XCLSF 

SHWT  - 4.8  X XSCB 

PCUW  - 20.8  + (2.7  X 73CB) 

XSCB  - TBPR/1000.0  rounded  up. 


1.3  Bus  Subsystem:  BSWT-TTCW+ACSW+EPSW+STRW+THRW+EIW+SIW+FRPW 

FW5  - EPSW+CWT 

STRW  • 0.288xFV;5  or  0.367xCWT  whichever  is  greater 

THK;  - 0.07xFW5 

EIW  - 0.136xCWT 

SIW  • 0.215xSTBW 

PRPW  - 1.016xSTK^  (Initial  ciriag' 

1.4  Array 

ECL  - ' .IjxtBPR 

PC;-  “■  EOL/0.73 

1.5  TT&C 

1 - 49.6  lbs.  0.0  watts:  base  subsystem 

2 - 79.6  lbs.  60.0  watts  w/crypto 

3 - 109.1  lbs.  80.0  watts  W/crypto  £ SSMA 


OF  FCv 


TABLE  2-2  CContinusdl 


l.Q  Spacecraft  Ccontlauedl 
1.6  ACS 

1.6.1  CHWT  < 13QQ  lbs.  ACSW  - 131.1  lbs.  PAA  > .1° 

ACSW  - 1S1.7  lbs.  > 0.05 

1.6.2  CHWT  1300  lbs.  ACSW  - 151,7  lbs.  PAA  > .1° 

ACSW  - 171.7  lbs.  PAA  > 0.05 

Add  35  lbs.  & 25  watts  for  PAA 


2.0  Perigee  Motor  Factors 

2.1  P.^M-D  (PMX  - 1) 

XLTIT  - 385;  PMC  - 3700 

CLDW  - 2483.6  PML  - 7.0 

I - 293 
sp 


2.2  PAM-A  (PMX  - 2) 

XNRT  - 1333;  PMC  - 5000 

CLDW  - 3800;  PML  - 8.0 

I - 293 
sp 


2.3  SPS-1  (PMX  - 3) 

X2TRT  - 1763.7;  PMC  - 3000 
CLDW  - 0.0  PML  - 6.5 

■ 305,4  3 per;  310  3 apogee 

2.4  I.U.S.  (PMX  - 5) 

XNRT  - 2180.6;  PMC  - 5500 

CLIXJ  - 0.0  PML  • 16.5 

I - 290,  296 
sp 


2.5  SPS-l  Ml  (PMX  - 5) 

XNRT  - 2180.6;  PMC  - 5500  | 

CLDW  *0.0  PML  - 13.0 

I - 305.4,  310 
3P 

I 
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4.0  FroBfag!  Costing  Alternatlvs 


Built  into  the  model  are  three  basic  programs  which  are  significantly 
different  in  character.  All  the  basic  costa  for  these  programs  are 
generated  by  the  model. 

4.1  Standard 

For  a.x  three  program  cost  formats  the  model  first  generates  non-recurring 
and  recurring  hardware  estimates.  For  the  standard  program  the  model 
computes  the  program  cost  as  follows . 

a.  Total  non-recurring  cost  - hardware  non-recurring  x 1.3 
First  unit  cost  “ hardware  recurring  x 1.25 

c.  Prototype  cost  “ 1.25  x first  unit  cost 

d.  R&D  cost  - a -c 

e.  Prototype  refurbishment  cost  - 0.2  x first  unit  cost  + 4500. 

f.  Flight  Model  Cost  - of  S/C  - 1)  x first  unit  cost 

g.  Profit  and  on-orbit  incentives  - 0.2  x (a  + e + f) 

h.  Total  S/C  costs  -a+e+f+g 

i.  Total  Program  Cost  - h + STS  and  transfer  orbit  system  costs 
4.2  DoD  Fly-Before-Buv 

rnis  program  consists  of  a prototype  and  a number  of  flight  demonstration 
models,  plus  the  required  number  of  flight  S/C.  The  prototype  is  not  flown. 

a.  Total  non-recurring  cost  *•  hardware  non-recurring  x 1.3 

b.  First  Unit  Cost  • hardware  recurring  x 1.25 

c.  Demonstration  S/C  cost  - First  Unit  Cost  x Number  of  Demo  S/C 

d.  Profit  - .1  X Ca  + c) 

e.  Demo  Program  Cost  - a + c + d + STS  + Transfer  Orbit  System  Costs 

f.  Production  start-up  cost  - .15  x a 

g.  Flight  Model  Recurring  Cost  ■ 1.1  x b x Number  of  Flight  .odel  S/C 
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/ 

> 

h.  Profit  and  On-orbit  Incantivas  • .2  x (f  + 3)  > 

i.  Flight  Modal  Program  Coat  ■ £ + g + h.  + STS  + tranafer  orbit 

ayatam  coats 

J . Total  Program  Coat  ■ a + i ' 

4.3  Minimum  Non-recurring  Coats  / 

There  are  S/C  programs  which  can  use  another  program's  S/C  bus  with  minimal 
changes.  For  such  a program,  prototype  costs  are  eliminated  and  R&D  ccsta 
are  significantly  less  than  those  generated  by  the  other  costing  formats. 

/ 

a.  Factor  Cost  - 2 x hardware  recurring 

b.  Non-recurring  Coat  ■ .36  x factor  cost 

c.  Management  and  Support  <■  lOZ  of  b 

d.  Total  "on-recurring  Cost  - b + c 

e.  First  Unit  Cost  - 1.25  x hardware  recurring 

f.  Flight  Model  Cost  - (if  of  S/C)  x first  unit  cost 

g.  General  and  Administrative  Costs  ■ .15  x (d  + f) 

h.  Profit  and  On-orbit  Incer.tivea  • .12  x (d  + f + g) 

i.  Total  3/CCost"d+f+g+h 

j.  Total  Program  Cost  - 1 STS  cost  + transfer  orbit  syst>.i  cost 


» 
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TABLE  2-3 


COST  SPREAD  FACTOFS  AND  INFLATION  APPLICATION 


1 . Ql  Cost  Spread  Factors  (Jractiop  of  Total  Cost  Par  Y— r) 

1.1  Non-r>currlng  .35  .AS  .2  (In  first  thr««  7«ar«,  respsctlvely) 


DoD  FBB  Start  Up  Cost 
demonstration  program. 

.5  in 

each 

of  first  two  years  following 

Recurring 

1.2.1  XSCii  .2 

.A  ,.  A 

(in 

first  three  years) 

2<xSC«9  .1 

.3  .A 

.2 

(in  first  four  years) 

9<  XSC  .1 

.25  .25 

.25 

.15  (in  first  five  years) 

1.3  STSC  .2  .A  .A  (starting  three  years  before  launch) 

l.A  PWC  .5  .5  (starting  two  years  before  Launch) 

1.5  POOIC  .1  (in  each  of  ten  years  following  first  launch) 

Note:  The  program  assximes  that  there  are  four  STS  launches  per  year, 

and  that  each  launch  can  carry  one  or  two  spacecrafts  depending  on  the 
selected  perigee  motor  system. 

2.0  Inflation  Application 

2.1  Prograt.  Costs 

A - a + HR) B - (1  . ^ « 

2.1.1  Standard/Minlmua  Recurring  Costing 

Totel  Inflated  S/C  Cost  ■ Ax  Total  S/C  Cost 


2.1.2  DoD  FBB 

Total  Inflated  S/C  Cost  "Ax  Demo  S/C  Cost  + 

3 X Flight  hodel  S/C  Cost 
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TABLE  2-3 


(Contlnuad) 


2.Q  Inflation  Application  (£ontlnuad) 

2.2  STSC/PMC  Coata 

C • (1  -p  ***  *\  X ■ Nunbar  of  yaara  bayond  BYR 

whan  first  coat  Incurrad 


2.2.1 

STSIC 

1 

n 

M 

STSC 

2.2.2 

PMIC 

■ C X 

PMC 
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TABLE  2-4 


ACP 

ACSV' 

AU-AL3 

AKWF 

AKJF 

ARW 

Al,  A2 

BATW 

BOL 

BSWT 

BWTF 

Bl,  B2 

BYR 

CC? 

GTJT 

CLD^-f 

CU-CL9 

avF 

CROT 

afT 

c?c 

DSCC 

DVMFW 

D'/MV 

ECP1,2,3 

EIW 

EWJl' 

EOL 
EPSW 
ER'.'TF 
El,  £2 
FAR 


GLOSSAP.Y  OF  ACRONYMS 

ACS  costing  paTair«ter 
ACS  weight 

ACS  complexity  factor  inputs 

ACS  Non-recurring  weighted  complexity  factor 

ACS  recurring  weighted  complexity  factor 

Solar  array  weight 

Solar  array  weight  factor 

Intermediate  results  in  calculating  AV2 

Battery  weight 

Beginning-of-life  solar  array  output 
Spacecraft  bus  weight 
Battery  weight  factor 

Intermediate  results  in  calculating  AV2 
Base  year  of  program 

Communication  subsystem  costing  parameter 
Spacecraft  check  weight 
STS  cradle  weight 

Communication  subsystem  complexity  factor  inputs 

Coiui.  non-recurring  weighted  complexity  factor 

Comm,  reciurring  weighted  complexity  factor 

Conm.  subsyster.  weight 

Demonstration  program  cost 

Demonstration  S/S  cost 

Maneuver  fuel  weight 

S/C  maneuverability  te((uirement 

EPS  costing  parameters 

Electrical  integration  weight 

EPS  non-recurring  weighted  complexity  factor 

End-of-life  solar  array  output 

EPS  weight 

EPS  recurring  weighted  complexity  factor 
Intermediate  results  in  calculating  £iVl 
Final  apogee  radius 
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TABLE  2<-4  CContlsuAdl 


FINC 

FMC 

FMPC 

ypR 

FUC 

FWF 

FW5 

GAC 

I 

sp 

LZ 

OOFW 

001 C 

PAA 

PCW 

PMC 

PMIC 

PJO- 

PMX 

PRC? 

PRORFC 

?ROTC 

PRFV 

PI,  P2 

RDC 

SCL 

scurr 

SCCWT 

SCP 

srj 

SR^^T 

STRW 


GLOSSARY  OF  ACRONYMS 

Final  inclli  at  Ion 

Flight  nodel  cost 

Flight  locdal  program  cost 

Final  perigee  radius 

First  unit  cost 

Fuel  weight  faccor 

Sizing  parameter  for  STRW 

General  and  administrative  cost 

Specific  impulse  of  fuel 

Sizing  parameter  for  STS 
On-orbit  fuel  weight 
On-orbit  incentive  cost 
Pitch,  axis  pointing  accuracy 
Power  control  unit  weight 
Perigee  motor  cost 
Perigee  motor  inflated  cost 
Perigee  motor  length 
Perigee  motor  indicator 
Profit 

Prototype  refurbishment  cost 

Prototype  cos'.t 

Propulsion  S/S  weight 

Intern,  ate  results  in  calculating  DVZ 

Research  and  development  cost 

S/C  length 

S/C  launch  vehicle 

S/C  on-orbit  weight 

Strijcture  costing  parameter 

Shinvt  weight 

Structural  integration  weight 

Structural  nofi-recurring  weighted  complexity  factor 
Structural  recurring  weighted  complexity  factor 
Structure  weight 


TABLE  2-4  CContinued) 


CLOSSART  OF  ACRONYMS 


STSC 

- 

STS  cost  per  launch 

STSCF 

- 

STS  CO:  ■'  ' 

STSIC 

- 

STS  inflated  c,at 

STX 

- 

Inclination  change 

sue 

- 

Start-up  cost 

TBPR 

- 

Total  bus  power 

TCP 

- 

TTiC  costing  parameter 

TFMC 

- 

Total  flight  model  cost 

THRW 

- 

Thermal  weight 

TI.1-TL5 

- 

TT&C  S/S  complexity  factor  inputs 

1 RC 

_ 

Total  non-recurring  cost 

A4^t*  A 

- 

TT&C  Kon-recurr  irig  weighted  complexity  factor 

TPC 

- 

Total  program  cost 

TPMC 

- 

Total  perigee  motor  cost 

TSCC 

- 

Total  S/C  cost 

TSTSC 

- 

Total  STS  cost 

TR^-TF 

- 

TT4C  Recurring  weighted  complexity  factor 

TTCW 

- 

TTSiC  S/S  weight 

V3,V4 

- 

Intermediate  result,  in  calculating  D\i4 

XCLS 

- 

Number  of  solar  cells 

XCLSF 

- 

Solar  cell  factor 

XIR 

- 

Average  annual  inflation  rate 

XXRTl 

- 

Inert  weight  of  external  apogee  motor  system 

XNRT2 

- 

Inert  weight  of  perigee  r'otor  system 

xsc 

- 

Total  number  of  S/ C in  program 

XSC3 

Number  of  b.»tteries 

21-Z6 

- 

Fuel  weight  fractions  for  different  Afl/PM  systems 

’.1 


PART  III 


FLOW  DIAGRAM 

Figure  3-1  is  a flow  diagram  for  non-computer  use  of  the  model. 
By  following  this  diagram,  the  user  without  access  to  the  com- 
puter program  can  exercise  the  model  by  band.  diagram  also 

indicates  the  flow  of  the  computer  program. 
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Figure  3-1.  Flow  Diagram 
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PART  IV 


CONaUSIONS  AND  COMMENTS 

The  SCFCE  program  Is  a useful  tool  for  evaluating  various  spacecraft 
designs  and  configurations.  Its  flexihility  and  modular  program  format 
allow  for  easy  expansion  and  updating  as  the  data  base  for  the  S/C  design 
parameters  or  the  SAMSO  model  is  updated.  Its  interactive  nature  makes  it 
easy  to  use  by  someone  without  extensive  computer  experience. 

The  model  as  presented  here  has  not  been  fully  verified  a Inst 
current  spacecraft  programs.  Some  comparisons  have  been  made,  but  a 
complete  verification  against  a fully-costed  current  program  has  not  been 
done.  This  step  should  be  done  to  assure  confidence  in  the  model. 

In  addition,  there  are  several  limitations  Inherent  in  the  algorithms 
as  presented,  e.g.,  an  STS  launch  is  assumed.  A further  version  of  this 
model  should  include: 

1.  An  expendable  launch  vehicle  capability 

2.  An  oa-ground  spare  option 

3.  Inclusion  of  launch  insurance  costs 


•- 
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APPENDIX  A 


1 


USER’S  ‘lANTIAL 


1.0  INTRODUCTION 

/ 

The  model  is  very  easy  to  use,  due  to  the  interactive  data  input.  Mo  previous 
computer  experience  is  required  to  run  the  program,  however  the  user  must  know 
enough  about  communication  satellites  to  answer  the  questions.  The  final 
outputs  are  all  labeled  and  are  presented  to  the  user  in  a well-organized 
manner.  All  Jicronyms  used  are  defined  in  Tables  2-4  and  B-1. 

2.0  THE  HELP  SUBROUTINE 


At  the  beginning  of  a run,  the  user  is  asked  if  he  needs  help.  An  affirmative 
answer  will  result  in  a listing  of  a description  of  the  program,  its  modes  of 
operation  atid  an  explanation  of  ail  acronyms  appearing  in  questions.  This  is 
to  acquaint  the  first-time  user  with  the  program  and  will  enable  him  to  gain 
facility  with  it  more  quickJy. 

3.G  MODES  OF  OPERATION 


As  mentioned  in  Part  I,  the  program  can  be  run  in  two  modes;  full  program, 
or  cost  only. 

The  full  program  node  performs  the  spacecraft  size  tnd  weight  estimaticn  and  then 
estimates  the  associated  costs.  Having  designed  a spacecraft,  the  user  can  then 
modify  his  input  specifications,  design  a new  spacecraft  and  make  tradeoff  com- 
parisons between  the  two.  He  then  can  select  one  of  the  two  to  save  for  future 
comparisons . 


The  cost  only  mode  is  a one-clme-through  option  for  a user  who  already  has  a 
spacecraft  design.  !lore  specific  inputs  are  required  then,  to  describe  the 
spacecraft  design  to  the  model.  Hardware  recurring  and  non-ret urring  costs 
are  estimated,  but  there  is  no  direct  option  for  tradeoffs. 
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4.0  INPUT  PJIQUIRggNTS 


The  input  requirements  for  the  two  modes  ere  different,  end  ere  liited  below. 

4.1  Full  Program  Mode 

e.  Orbitel  Information  - Final  apogee  and  perigee  radii  and  final 
inclination,  if  not  geostationary. 

b.  Number  of  S/C  to  be  manufactured,  number  of  on-orbit  S/C, 

(number  of  flight  demonstration  S/C  for  DoD  FBB) . 

c.  Base  program  year,  program  type  (government  or  commercial), 
program  costing  format,  mean  mission  duration,  average  annual 
inflation  rate. 

d.  Estimated  S/C  length,  maneuver  capabixity , 

e.  Communication  subsystem  weight,  DC  power,  and  total  RF  power. 

f.  Type  of  TT&C  system. 

g.  Complexity  factor  inputs  - Specific  questions  are  asked  about 
each  of  the  subsystems  and  weighted  complexity  factors  are 
internally  generated. 

In  addition,  there  are  provisions  for  direct  input  of  subsystem  parameters 
if  use  of  the  model's  estimations  is  not  desired. 

4.2  Cost  Only  liode 

a.  Communtcati.ns  Subsystem  - Weight  in  pounds;  includes  transponder 
and  antennas. 

b.  TT&C  Subsystem  - Weight  in  pounds;  includes  antennas. 

c.  Attitude  Control  Subsystem  - Includes  ACS  + Propulsion  subsystem 

weight;  does  not  include  fuel  weight. 

d.  Structure  Subsystem  - Weight  In  pounds;  Includes  thermal  and 

mechanical  Integration  weights 

e.  Electrical  Power  Subsystem  - Weight  in  pounds  including  electrical 

integration,  beginning-of -lif e array  power 

(watts  *5  equinox),  number  of^  batteries. 


f.  S/C  length,  perigee  motor  cost  and  length,  and  S/C  laixach  weight 
Including  transfer  orbit  system  and  its  cradle. 

g.  Type  of  program  (government  or  commercial)  and  program  coating 

format. 

h.  Total  number  of  S/C,  number  of  orbiting  S/C  for  operating  system, 
and  number  of  flight  demonstration  S/C  for  DoD  FBB. 

1,  Base  year  of  program  (contract  award  dace),  mean  misslor  duration 
and  average  annual  inflation  rate. 

j . Complexity  Factor  Inputs  - Questions  ure  asked  abo^t  the  subsystems 
and  weighted  complexity  factors  are  internally  generated. 

5.0  PROGRAM  OUT? UTS 


5.1  Full  Program  Mode 

a.  Delta  VI  and  Delta  V2  (velocity  changes  for  orbit  injections) 

b.  Communication  S/S  weight.  TTC  S/S  weight,  AC  S/S  weight,  EP  S/S 
weight,  beginning-of-life  array  output  and  S/C  bus  weight. 

c.  On-orbit  fuel  weight,  S/C  on-orbit  weight,  S/C  launch  weight, 
and  perigee  motor  indicator. 

d.  Program  coses  depending  on  the  specific  costing  format  chosen 
(In  1980  dollars). 

c.  Per-year  costs  (after  inflation)  and  number  of  S/C  launched 
per  year. 

In  addition,  there  is  an  optional  printout  of  either  the  baseline  S/C  or  the 
current  S/C  design  parameter'5  available. 

0r.ee  there  Is  a baseline  S/C  Ci.e.,  after  the  first  time  through;  delta 
parameters  are  printed.  These  are  the  differences  in  weighti  and  costs 
between  the  baseline  S/C  and  program  and  the  current  S/C  and  program. 

5 . 2  Cost  Only  Mode 


a.  Program  costs  (in  19!?0  dollars)  depending  on  the  specific 
costing  format  chosen. 
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b.  Per-year  cost  'after  inflation)  and  number  of  S/C  launched  per 

year. 


There  is  no  provision  for  tradeoff  cotaparisons  in  the  cost  only  node. 


6.0  SAMPLE  RraS 


6.1  Full  Program  Mode  (Jigure  A-1) 

The  baseline  S/C  is  a TDMA,  Direct-co-User  system,  with  25  - 25w  spot 
beams  in  K -band.  An  Inflation  rate  of  zero  was  chosen  for  simplicity. 
General  and  administrative  costs  are  included  in  R&D  cost  and  "First  Un^t 
Costs,"  but  profit  is  not;  profit  is  included  with  "On-Orbit  Incentives. 
The  "First  Unit  Cost"  is  an  estimate  of  the  actual  cost  of  building  one 
flight  model.  For  a unit  selling  or  buying  price,  divide  the  "Total  S/^ 
Cost"  by  the  number  of  spacecraft,  resulting  in,  in  this  case,  $74m. 

In  the  trades  mode,  the  communications  payload  is  changed  to  reflect 
the  replacement  of  the  25w  TWT's  with  15w  TWT's.  This  results  in  a lower 
payload  weight,  DC  power  requirement,  and  RF  power  output.  In  addition, 
one  of  the  answers  to  a complexity  factor  question  muse  be  changed;  the 
ocher  inputs  are  zero  to  indicate  no  change. 

The  resulting  spacecraft  has  a 256-pound-less  on-orbic  weight,  and  a 
IQ 51. 2-pound-less  launch  weight.  The  new  unit  cost  is  then  $68.5,  and 
the  cost  savings  are  realized  in  years  1 through  13  as  indicated. 

6.2  Cost  Only  Mode  (Jigure  A-2) 


The  HELP  subroutine  is  first  exercised  to  guide  the  user.  The  example 
is  a typical  domsat  spacecraft,  with  C-band  CONUS  beams  and  K^-band  spot 
beams.  Again,  a zero  inflation  rate  was  chosen.  Because  of  the  simplicity 
of  the  system,  spacecraft  costs  are  much  lower  than  the  previous  example. 
For  this  three  spacecraft  system,  the  unit  co-t  is  $37. 5M,  the  average  o. 
three  S/C  including  prorated  RSJ)  costs. 
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•NUN  SCPCI 

THIS  IS  THf  SFACtCRArr  PARAflCTCN  AND  COST 
CSTinATINO  PNOaRAH  OIVILOPBO  AT  PACC  UOL. 

DO  VOU  NCfO  HSUPT  I •VIS. 2-NO 
•2 

INPUT  PNOQRAH  NODt  I 1-COST  ONUT.  2-PUU.  PNOORAn 

■2 

IS  ORBIT  CEOSTATIONARVT  l-VKS.S-NO 

- 1 

INPUT  XSC.MOSC.PNOOT. PROOF. SYR. mo. XIR 

■2.Z.1.1.1SSS.10.0 

INPUT  SCL.DUHU 

-IS.O 

input  PARANCTIRSICUT.CPHR.rRFP.  USt  CUT-0  FOR  NO  CHANOt  IN  TRADES  NODE 
■SSB.23S4.aZ9 

input  HIGHEST  CONNUHICATIONB  FREGUENCY.  1 -< ISOHZ. 2-<3BQH2. 3- >58GH2 

-2 

INPUT  HIGHEST  POHER  LEVEL  AT  HIGHEST  FREGUENCY. 

1 •<  SH . 2 -9- 1 OH . 3- 1 0-20U . 4-20-40H . 9- >40M 

-4 

input  type  of  transponder.  t-TRANSLATINa.2-REQENERATINO.3-CanBINATI0N 

-2 

INPUT  NUnSER  OF  ACTIVE  POHER  ARPS. 1-10  OR  LESS. 2-90  OR  LESS 

3- 100  OR  LESS.4-N0RE  THAN  100 

•2 

INPUT  NUNSER  OF  DIFFERENT  FREQUENCY  BANOS.  1 > 1 . 2-2. 3-3. 4*4  OR  NONE 

- 1 

INPUT  NUNSER  OF  RCV/XNIT  ANTENNA  SETS. 1 ■ 1 . 2-2  OR  3.3-4  TOB.4-7  OR  MORE 
•2 

INPUT  MOST  COMPLEX  ANTENNA  PATTERN.  1 -EARTH 

2- SINGLE  spot;  SU.QE.1.0.3-SINGLE  SPOT.*  §H<1.0 

4- SHAPCO:  SINGLE  8U.0E. 1 .0.9-SHAPED:  single  BU.lt. 1.0 
8-NULTIPLE  SP0T;SIM0LE  BH.GE. 1 .O. 7-HULTIPLE  SPOTISINGLE  BU.LT.1.0 
a-SCANNING.LE. 7BU 'S.S-SCANNING>7BH 'S 

>fl 

INPUT  most  complex  ANTENNA  DESIGN.  1 -HORN. 2-SINGLE  REFLECTOR 

3- OUAL  RE.'LECT0R.4-S1NGLE  LENS. 9-DUAL  LENS/PHASED  ARRAY 

■2 

INPUT  NUMBER  OF  FEEDS  IN  MOST  COMPLEX  ANTENNA  DESIGN 

1- 1  TO  10.2-11  TO  2S.3-2S  TO  90.4-91  TO  79.3-7B  TO  100.8-MORE  THAN  100 

-2 

INPUT  SOURCE  OF  TTAC  PARAMETERS.  1-OIRECT  INPUT. 2-MODEL 
•2 

INPUT  TYPE  OP  TTAC  8/S.  1 -SASIC .2-CRYPT0.3-CRYPTQ  AND  SIMA 
■1 

input  MAXIMUM  TT»C  SIT  RATE.CMD  OR  TLM.  I -UP  TO  100  XSP8 

2- UP  TO  1 GSPS.3-M0RE  THAN  1 QSPS 
-I 

INPUT  TOTAL  NUMSER  OP  CHANNELS.  1-UP  TO  1000.2-MORE  THAN  1000 
-1 

input  type  of  COMMUNICATIONS  PROCCSSINQ.  1 -NONE . 2-CENTRALI2E0 

3- OtSTRIBUTEO 

■2 

input  processing  or  TTBC  STQRAQt.  I -NONE. 2-UP  TO  10  K8.3-UP  TO  1 OS 

4 - MORE  THAN  1 08 
-1 

INPUT  TYPE  OF  MEMORY.  1-NONE.  2-MAONCTIC  C3R1.3-TAPE.4-0rHEP 

•I 


Figure  A-1.  Full  Prograa  'lode  TerainaL  Session 
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INPUT  IQURCC  OF  ACS  FARAHITEM  1 -DIRECT  INFUT.Z-mDCL. 

■2 

INPUT  ATTITUDE  REFFRENCE.  1-INERTIM.  OR  OTHER. 2«CtLESTIAL 

■ 1 

input  POINTING  CONTROL.  1-OPEN  LOOP. 2-CLOSSO  LIXIP 

-I 

INPUT  PITCH  AXIS  POINTING  ACCURACY  (DEBREES) 

-.1 

INPUT  SOURCE  OF  EPS  PARANETERS.  t-DlRECT  INPUT.Z-NOOEL. 

-2 


DELTA  U1  - 242S.43  N/SEC  DELTA  U2  * 1S30.70  H/SEC 

CON  HT  - 938.0  LSS  TTC  HT  - 49. B LSS 

ACS  MT  - 131.7  LBS  EPS  NT  • 421.4  LBS 

BP<  • 4383.3  MATTS  BUS  NT  - 1832. S LBS 

Oh'ORSIT  FUEL  HT  - 41B.4  LSS 

S/C  ON-ORBIT  HT  • 3027.0  LBS  S/C  LAUNCH  HT  - 18392.3  LBS 

FT  I EE  nOTOR  3 HAS  CHOSEN 

STANDARD  COSTING  FORMAT  (DOLLARS  IN  THOUBANCB) 

NUMBER  OF  S/C  - 2 NUMBER  OF  ON-ORBtT  S/C  - 2 

RAD  COST  - « 34711.8-  PROTOTYPE  COST  - « 42920.9 

TOTAL  NON-RECURRING  COST  - • 77438.7 

PROTOTYPE  REFURB  COST  ■ 411388.3  FIRST  UNIT  COST  - 434341.6 

FLIGHT  MODEL  COST  - 4 34341.8  ON-ORBIT  INCENTIVES  - 4 24888.7 

TOTAL  S/C  COST  - 4148018.3 

PM  COST  - 4 8000.0  STS  COST  • 424884.4 

TOTAL  PROGRAM  COST  ■ 4178902.7 


YEAR 

1 

COST 

• 

4 

40S92.4 

0 

S/C 

LAUNCHED 

YEAR 

2 

COST 

• 

4 

84S73.I 

0 

S/C 

LAUNCHED 

YEAR 

3 

COST 

* 

4 

4S36S.4 

0 

S/C 

LAUNCHED 

YEAR 

4 

COST 

m 

4 

3487.0 

2 

B/C 

LAUNCHED 

YEAR 

3 

COST 

m 

4 

2487.0 

0 

9/C 

LAUNCHED 

YEAR 

E 

COST 

m 

4 

24S7.0 

0 

S/C 

LAUNCHED 

YEAR 

7 

COST 

m 

4 

2467.0 

0 

S/C 

LAUNCHED 

year 

8 

COST 

m 

4 

2467. 0 

0 

S/C 

LAUNCHED 

YEAR 

9 

COST 

m 

4 

2467.0 

0 

S/C 

LAUNCHED 

YEAR 

10 

COST 

m 

4 

2467.0 

0 

S/C 

LAUNCHED 

YEAR 

11 

COST 

m 

4 

2467.0 

0 

S/C 

LAUNCHED 

YEAR 

12 

COST 

« 

4 

2487. 0 

0 

S/C 

LAUNCHED 

YEAR 

13 

COST 

• 

4 

2487.0 

0 

S/C 

LAUNCHED 

DO  YOU  UANT  A COMPLETE  LISTING  OF  THE  BASELINE? 
THIS  LISTING  IS  UITHOUT  HEADINGS.  1-YES. 2-NG 
-1 


93S.0 

49. S 

397.3 

131.7 

421.4 

96.6 

130.3 

93. 4 

320.3 

1632.6 

418.4 

3027.0 

11801 .8 

16392.3 

0. 

17B3.7 

0. 

3.0 

S.3 

13.0 

3.0 

29237.0 

3049.0 

4383.3 

2394.0  SC3.0 

DO  YOU  HANT  TO  MAKE  TRADES?  1- YES. 2-NO 

-1 

DO  YOU  HANT  TO  CHANGE  ORBIT  PARAMETERS?  1 -YES. 2 -NO 
-2 

DO  YOU  HANT  TO  CHANGE  THE  PROGRAM  COSTING  PARAMETERSTl-YES. 2-NO 

•2 

DO  YOU  HANT  TO  CHANGE  SCL  OR  D'.'M^.'?  1 -YES. 2-NO 

•2 

DO  YOU  HANT  TO  CHANGE  THE  COMM  S/S  PARAMETERS? 1 -YES. 2*N0 
' I 


Figure  .4,-1  CConClnueci) 
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,>•-  r* 

or  ^ 
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INWT  fAI»AntTCFS:CHT.CPWI».TRr^.  U8C  CHT-0  FOR  NO  CHANOt  IM  TRADIS  NOOf 

rtM^?MFUT**OF  ZERO  ON  THE  NEXT  NINE  OOEITIONE  INDICATES  NO  CHANGE. 

INFUT  HIGHEST  COHHVJNICATIONS  FREOUENCY.  i«<lSQHZ.2»<580HZ.3">98QHZ 

■0 

INFOT  HIGHEST  FOHER  LEVEL  AT  HIGHEST  FREQUENCY. 

1 ■<5H. 2»5- lOH. 3- lO-ZOH. 4-20-40H. S" >40M 

INFUT  TYFE  OF  TRANSPONDER.  l»TRANtLATINa»2«RE0ENERATING.3*C0H8INATl0N 


*0 

input  number  of  active  POHER  AHPS.I-IO  OR  LES8.2«S0  OR  LESS 
3>100  OR  LESSr4«nORE  THAN  100 

•0  

INPUT  NUHBER  OF  DIFFERENT  FREQUENCY  BANOS.  l«l . 2»2.3*3. 4»4  OR  MORE 


INPUT  NUHBER  OF  RCV/XHlT  ANTENNA  SETS. l«t. 2*2  OR  3.3»4  T06.4«7  OR  MORE 

■O 

INPUT  HOST  COnPLEX  ANTENNA  PATTERN.  1 -EARTH 
2-8INQLE’ spot:  BU.GE. 1 .0>3*SINGLC  SPOT!  BH<1.0 

4- SHAFEO:  SINGLE  BH.QE. 1 .O.S-SHAPED:  SINOLE  BM.LT.I.O 

5- HULTIPLE  SPOTISINGLE  BM.GE. X .0. 7-HOLTXPLE  SPOTISINGLB  BU.LT.l.O 

9«SCANNINa.LE.7BH'3.9«SCANNIMe>7BH'S 


INPUT  HOST  COMPLEX  ANTENNA  DSSION.  1 -HORN. 2 "SINGLE  REFLECTOR 
3"0UAL  REFLECTOR. 4-SINQLE  LCNS.S*OUAL  LENS/PHABSD  ARRAY 


•0 

INPUT  NUHBER  OF  FEEDS  IN  MOST  COMPLEX  ANTENNA  DEStON  

1-1  TO  10.2'H  TO  25.3-28  TO  30,4-51  TO  73.5-78  TO  lOO.B-MCRE  THAN  100 


-O 

DO  YOU  WANT  TO  CHANGE  TTBC  PARAMETERS?  1- YES, 2-NO 

-2 

DO  YOU  WANT  TO  CHANGE  ACS  PARAMETERS?  1-YES.2-N0 

DO  YOU  WANT  TO  CHANGE  £PS  PARAMETERS?  1-YBS.2-N0 
•2 


i 


) 


i 


I 


DELTA  VI  - 2428.45  M/SEC  DELTA  V2  - 1930.70  M/SEC 

con  HT  - 900.0  LBS  TTC  HT  - 48.8  LBS 

ACS  HT  - 131.7  lbs  EPS  Hf  - 348.7  LBS 

BOL  - 3114.0  WATTS  BUS  HT  ■ 1494.4  LB9 

ON-ORBIT  FUEL  HT  - 378.8  LBS  .... 

3/C  ON-ORBIT  HT  - 2771.0  LBS  S/C  LAUNCH  HT  - 15341.2  LBS 

PERIGEE  MOTOR  3 HAS  CHOSEN 

DELTA  COM  HT  ■ -58.0  LBS  DELTA  TTC  HT  - 0.  LBS 

DELTA  ACS  HT  • 0.  LBS  DELTA  EPS  HT  - -72.7  LBS 

DELTA  BUS  POWER  • -994.0  WATTS  DELTA  BUS  HT  - -159.2  L33 

DELTA  ON-ORB IT  FUEL  HT  - -39.9  LBS  DELTA  S/C  ON-ORBIT  HT  - -258.0  LBS 

DELTA  3/C  LAUNCH  HT-  -1091.2  LBB 


UO  YOU  WANT  A COMPLETE  LISTINGS  OF  PARAMETERS? 
THIS  LISTING  IS  WITHOUT  HEADINGS . I -YES . 2-NO 


900.0 

49. S 

399.8  151.7 

349.7 

87.4 

122.4 

77.3 

297.8  1494.4 

378.8 

2771.0 

10806.3 

15341.2 

0.  1783.7 

0. 

3.0 

8.5 

1780.0 

15.0 

375.0 

3.0  20780.3 

2185.0 

3114.0 

Figurft  A-1  (.Continued) 
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STANDARD  COSTINQ  FORKAT  (DOLLARS  IN  THOUSANDS) 

NUHSfR  or  S/C  - 2 HUNSfR  OF  ON-ORSIT  S/C  • 2 

RAD  COST  • • 31208.3  FROTOTYFl  COST  - • 40051.7 

TOTAL  NON-RCCURRINQ  COST  • t 7t2SI-'‘ 

PROTOTYPE  RCFURR  COST  • SIOSOS.O  i aT  UNIT  COST  • *32041.3 

FLIGHT  NODCL  COST  • • 32041.3  -ORSIT  INCENTIVES  • * 22S42.1 

TOTAL  S/C  COST  • *137082.7 

PN  COST  » * 6000.0  STB  COST  • *24664.4 

TOTAL  PROfiRAH  COST  ■ M67S37.1 


YEAR 

YEAR 

year 

YEAR 

YEAR 

YEAR 

year 

YEAR 

YEAR 

YEAR 

YEAR 

YEAR 

YEAR 


1 

COST 

• 

* 

37908. 1 

0 

8/C 

LAUNCHED 

2 

COST 

• 

* 

81001.0 

0 

S/C 

LAUNCHED 

3 

COST 

• 

« 

43188.8 

0 

S/C 

LAUNCHED 

4 

COST 

■ 

* 

8284.2 

2 

S/C 

LAUNCHED 

5 

COST 

• 

* 

2284.2 

0 

S/C 

LAUNCHED 

S 

COST 

• 

* 

2284.2 

0 

S/C 

LAUNCHED 

7 

COST 

V 

* 

2284.2 

0 

8/C 

LAUNCHED 

8 

COST 

• 

* 

2284.2 

0 

8/C 

LAUNCHED 

S 

COST 

• 

* 

2284.2 

0 

S/C 

launched 

10 

COST 

• 

* 

2284.2 

0 

S/C 

LAUNCHED 

11 

COST 

• 

* 

2284.2 

0 

S/C 

launched 

12 

COST 

• 

* 

2284.2 

0 

S/C 

LAUNCHED 

13 

COST 

* 

2284.2 

0 

S/C  LAUNCHED 

delta  COST 
DELTA  COST 
DELTA  COST 
DELTA  COST 
delta  COST 
DELTA  COST 
DELTA  COST 

delta  cost 

DELTA  COST 
DELTA  COST 
DELTA  COST 
DELTA  COST 
DELTA  COST 


YEAR 

1 

YEAR 

2 

YEAR 

3 

YEAR 

4 

YEAR 

5 

YEAR 

8 

YEAR 

7 

YEAR 

8 

YEAR 

9 

9% 

YEAR 

10 

9^ 

YEAR 

11 

9% 

YEAR 

12 

YEAR 

13 

-2784.3 
-3874.1 
-2378.7 
-182.8 
-182.8 
-182.8 
-182. S 
-182.8 
-182.8 
-182.8 
-182.8 
-182.8 
-182.8 


DO  YOU  HANT  TO  CHANGE  TMC  SA8ELINE?  1-VE8.2-N0 


r2 

DO  YOU  WANT  A COHPLETE  LISTING  OF  THE  BASELINE? 
THIS  LISTING  IS  WITHOUT  HEADINGS.  1-YES. 2»N0 


-2 

DO  YOU  HANT  TO  HARE  TRADES?  1 -YES. 2-NO 
-2 


f 


f 


Figure  A-1  CContinued) 
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•KUN  iCPCt 

s}u^ss»'.;^SK‘;r.ss  S5i: 

00  YOU  NEED  HtUi*?  t» YES.  2-NO 

this  is  ySRSIOH  l.l  - ♦ ™*RCM  13»W 

THIS  MOQRAH  ESTIHATES  THE  Jr5°*Tt°U8Eb'^SnSiW^^ 

wSlLITE  ®:;j5tI5'^5;"SiTIN^^  based  OH  A HOD- 

!SS;oS“ofi5«“SIo"'«‘»"”  «•”“ 

THBIt  Mt  ’“<>  "®'‘"  “IoS'*lII”S"c01T^»L?"0W^^'''®>""' 

AND  THE  FUUL  PRQORAH  "l-nreCRAFT.  IN  THE  FULL 

COSTS  ARE  B ST I HATED  FOR  ESTIMATE  SUB8Y8TEH  UEIBHTS  AND 
PROORAH  MODE.  ''■”®  "?n?*’niueM'%ASEO  ON  GENERAL  INPUTS) 

;ss'.;"?o5r‘.r;o2«*iss  thou.»o.. 

™„  MO.C.  ..  U».T«.  TO  3-.«.  •'=  “»  '■"*  • 

“t5«“ 

«,.«TSS!~a  jj  • 

eCPl-EF  COSTING  ^R^«7ER^FJ/S  «T^  <HATTS) 

BOL-BEGINNINO-CF-Llrt  SOLAR  ARPAT 

fs^rH^’HiSRTp'^JTlSST^S/C  IN  PROGRAM 

XOSC-NUHBER  OF  ON-ORSIT  SPACECRAFT  (NOT 

""“SISi;  « xK^JoS  ™0  n-T  •«'"»•  ^ 

SuY  1 i?  »I«~"  NOH-.ECUI...M  CO.T  >H0  -MTOTTPE. 
„,.;S?GK  ooTo; 

SE'.JSIsRI  I^OTOR  PHC 

7 3700  l’^ 

PAH-0  * 3000  ®*2 

PAH- A * 3000  *•’ 

SPS-t  ^ 7700 

lUS  j 5S00 

inputs  for  the  full  PROORAH  HOOE  ARE! 

FAR«FINAL  APOGEE  RADIUS 
cppaPINAL  PERIGEE  RADIUS 
finc-final  inclination 
rUT-COHM  S/S  WT 


Figure  A- 2. 


Cost  Only  Mode  Teraiual  Session 


I 


r"  - . . 
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CF**«»COnn  S/S  OC  <ir«ATTS» 

TMf« TOTAL  nw  AOHfIT  < MATTS) 

TM*  OTHfA  INPUTS  ANl  tlTHM  SfLF  SXPLANATOSY  ON  ANf  CXPLAIMSD  ABOVt  IN 
THE  COST  ONLY  NOOI  SECTION. 


IN  THE  COST  ONLY  NODE.  NNOORAH  COSTS  AND  PEN  YEAN  COSTS 
ANE  PNINTED.  IN  THE  PULL  PNOONAH  NODE.  ESTIMATED  8PACE- 
CNAPT  PANANETENS  ANE  PNINTED  DEPONE  THE  COSTS.  IP  IN  THE 
TNAOES  SECTION  OP  THE  PULL  PNOONAM  MODE.  THE  CHANGES 
IN  SPACECNAPT  PANANETENS  AND  COSTS  PNOM  A PNEVIOUSLY 
COMPUTED  BASELINE  ANE  ALSO  PNINTED. 

WHEN  A COMPLETE  LISTING  OP  PANANETENS  IS  PNINTED.  THEY  ANE 
IN  THE  POLLOMING  PONMAT  (SEE  USEN'S  GUIDE  PON  DSPINITIONS) 


CMT 

TTCH 

8TNH 

ACSH 

EPSH 

THNM 

EIH 

SIM 

PNPM 

SSHT 

OOPH 

SCOHT 

TOTPH 

SCLHT 

XNNTl 

XNNT2 

CLOH 

PMX 

PML 

CPMR 

SCL 

TNPP 

XSCS 

XCLS 

TSPN 

SOL 

input  PNOONAM  MODE  I l-COST  ONLY.  2-PULL  PNOONAM 


• 1 

1 NPUT  PANANETENS I CCP . TCP . 8CP . ACP . ECPI . SOL / XSCB 
■301.4S.3.213.2.278.B.3BS. ISSN. S. 2 
INPUT  PANAMETENS ; SCLHT , 8CL . PMX . PMC . PML 
>8232.2.8. I .3700.7 

I NPUT  PANANETENS : BYN . XSC . XGSC . XPDSC . PNOOT . PNOOP . HMD . X I N 


•ISSt .3.3.O.2. 1.7.0 
AN  INPUT  OP  ZENO  MILL  CAUSE 
INPUT  HIGHEST  COMMUNICATIONS 


THE  QUESTION  TO  BE  ASKED  AGAIN 
PNEQUENCY . 1 ■< 1 SOHZ . 2><  SSOHZ . 3>  >SSaHZ 


• 1 

INPUT  HIGHEST  POHEN  LEVEL  AT  HI CHEST  PNEQUENCY. 

I><SM.2>3-10H.3>10-20H.4>20-40M.S>>40M 

INPUT  TYPE  OP  TNANSPONDEN.  1>TNAN8LAT1NQ.2>NEBENENATING.3>C0MSINAT10N 


■ ( 

INPUT  NUMSEN  OP  ACTIVE  POHEN  ANPS.I-IO  ON  LESS. 2-30  ON  LESS 
3-100  ON  LESS.4-N0NE  THAN  100 

Input  number  op  dipperent  pnequency  bands,  i- 1.2-2. 3-3. 4-4  on  none 
■ 2 

INPUT  NUMBER  OP  NCV/XMIT  ANTENNA  SETS. 1-1. 2-2  ON  3.3-4  TOS.4-7  ON  MORE 

-2 

input  most  complex  antenna  pattern.  1 -earth 

2- SlNOLE  spot;  BM.QE. 1 .0.3-SINGLE  SPOT!  BM<1.0 
AaSHAPEC:  SINGLE  SU.OE. 1 .0.3-SHAPED:  SINGLE  BH.LT.1.0 
8-NULTIPLE  8P0T:SINGLE  BM.OE. 1.0. 7-multiple  SPOTISINOLC  SH.lt. 1.0 
8-SCANN 1 NO . LE . 7SH  ' S . S-SCANN I NO  > 7BM  ' S 

*9 

INPUT  MOST  COMPLEX  ANTENNA  DESIGN.  1 -HORN. 2 -SINGLE  NEPLECTON 

3- DUAL  NEPLECTON. 4-BlNGLE  LENS. 3-DUAL  LEN8/PHA8ED  ANNAY 
■ 2 

INPUT  NUMBER  OP  FEEDS  IN  MOST  COMPLEX  ANTENNA  DESIGN 

1- 1  TO  10,2-11  TO  23.3-26  TO  30.4-31  TO  73.3-78  TO  lOO.S-MONE  THAN  100 

-1 

IDPUT  MAXIMUM  TT4C  BIT  NATE.CMD  ON  TLM.  I -UP  TO  100  KBPS 

2- UP  TO  1 G8PS.3-M0NE  THAN  1 OSPS 

INPUT  total  NUMSEN  OP  CHANNELS.  1-UP  TO  1000.2-M0NE  THAN  1000 


INPUT  TYPE  OF  COMMUNICATIONS  PROCESSING.  1 -NONE . 2-CENTNAL 1 ZED 

3-DISTNIBUTCO 

•2 


Figure  A-2.  (Continued) 
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INHjr  PKOCItSlNa  ON  TTIC  STONAOI.  l*NaNK.2>UP  TO  10  K0.3-UN  TO  1 01 
4«nai»I  THAN  1 00 

• 2 

INinjT  TYPf  OF  H2H0NY.  l-NONt.  2«nA0N(TlC  COM, 3«TAFt 1 4«0TH1I» 

• 4 

INPUT  ATTITUDf  RKFININCS.  1*IN£NTIAL  ON  OTHOf , 2«CCLflTIAi. 

•I 

INPUT  POINTING  CONTNOU.  t-OPCN  tOOP,2*CI.OSCD  LOOP 

•1 

INPUT  PITCH  AXIS  POINTING  ACCUNACY  (DiONnS) 
o.OS 

STANDARD  COSTING  FORnAT  ( DOLLARS  IN  THOUSANDS) 

NUNSCR  OF  S/C  • 3 NUHBCR  OF  ON-ORSIT  S/C  ■ 3 

R40  COST  • • 20702.5  PROTOTYPl  COST  - • 220SS.1 

TOTAL  NON-RSCURRINO  COST  ■ • 427S7.S 

PR0T0TYP6  REFURB  COST  • t 8035.2  FIRST  UNIT  COST  ■ tlTBTS.l 

FLIGHT  HOOSL  COST  • • 35352.1  ON-ORSlT  INCtNTlVfS  • • 17237.0 

TOTAL  S/C  COST  ■ *103422.0 

PH  COST  ■ *11100.0  STS  COST  ■ *24732.2 

TOTAL  FROQRAH  COST  • *13S2S4.2 


YEAR 

1 

COST 

■ 

* 

23814.3 

0 

S/C 

LAUNCHED 

YEAR 

2 

COST 

• 

« 

4S38S.0 

0 

S/C 

LAUNCHED 

YEAR 

3 

COST 

• 

* 

3S557.4 

0 

3/C 

LAUNCHED 

YEAR 

4 

COST 

• 

* 

14001.2 

3 

S/C 

LAUNCHED 

YEAR 

5 

COST 

• 

* 

1723.7 

0 

S/C 

LAUNCHED 

YEAR 

6 

COST 

• 

* 

1723.7 

0 

8/C 

LAUNCHED 

YEAR 

7 

COST 

• 

* 

1723.7 

0 

S/C 

LAUNCHED 

YEAR 

S 

COST 

• 

* 

1723.7 

0 

S/C 

LAUNCHED 

YEAR 

S 

COST 

• 

* 

1723.7 

0 

S/C 

LAUNCHED 

YEAR 

10 

COST 

■ 

• 

1723.7 

0 

S/C 

LAUNCHED 

YEAR 

11 

COST 

■ 

* 

1723.7 

0 

S/C 

launched 

YEAR 

12 

COST 

• 

* 

1723.7 

0 

S/C 

LAUNCHED 

YEAR 

13 

COST 

• 

• 

1723.7 

0 

S/C 

LAUNCHED 

Figure  A-2 
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APPENDIX  P)'-X 
PROGRAM  LISTING 

Tabl*  V I la  a glo^*Jar7  of  variablaa  that  ara  internal  to  the  computer 
program  that  are  net  listed  In  Table  2-4.  Figure  B-1  la  e listing  of  the 
computer  protfrff:,  . 


U 


Oh  ^ 


TABLE  B-1 

GLOSSARY  OF  COMPUTER  PROGRAM  VARIABLES 
CThosc  .loc  included  in  Table  2-^1 


AMFW 

- 

Apogee  oocor  fuel  weight 

AWE 

- 

ACS  parameter  change  indicator 

AW2 

- 

Alternate  ACS  weight 

AX 

- 

Dummy  variable  for  Z's 

AY 

- 

Dummy  variable  for  Z's 

BATR 

Basic  bus  power 

BLC261 

- 

Baseline  array 

BLCSTC30) 

- 

Baseline  cost 

BLIMAX 

- 

IMAX  for  baseline 

3LPI 

- 

Baseline  print  indicator 

3PX 

- 

Biuiic  program  parameter  change  indicator 

CFAC(a) 

- 

Complexity  factor  array 

CHBLX 

- 

Baseline  change  icdlcator 

CU2(3,5,2) 

- 

Complexity  factor  array 

CL7C9.2) 

- 

Complexity  factor  array 

CL8C5.2) 

- 

Complexity  factor  array 

CL9(6,2) 

- 

Complexity  factor  array 

CX(4,2) 

- 

Complexity  factor  array 

CNT 

- 

First  time  through  indicator 

CSX 

- 

Comm,  parameter  change  indicator 

CTAC4,6,2) 

- 

Complexity  factor  array 

CTUU 

C3.3,:i 

- 

Complexity  factor  array 

DACSW 

- 

Delta  ACSW 

DBSWT 

- 

Delta  ESWT 

DC»T 

- 

Delta  err 

DEPMC 

- 

Demonstration  program  PMC 

DEPSW 

- 

Delta  EPSW 

DESTSC 

- 

DwBonstration  Program  STSC 

DLCST(3C) 

- 

Delta  cost  (per  year) 

DLII'-^CC 

- 

IMAX  for  delta  cost 

cocr; 

_ 

Delta  CCr.; 

I 


TABLE  B-1  CContlnuftd) 


CLOSSABY  OF  COMPUTER  PROGRAM  VARIABLES 


DPWP1.2 

- 

Intcxmcdiat*  power  terms 

DSCLWT 

- 

Belts  SCLIJT 

DSCOWT 

- 

Belts  SCOUT 

DTBPR 

- 

Belts  TBPR 

DTTCW 

- 

Belts  TTCW 

EL 

- 

EPS  Complexity  fsetor  Cera 

EPSFC7,2) 

- 

Complexity  fsetor  srrsy 

EPX 

- 

EPS  psrsmeter  chsnge  Indicstor 

EPl 

- 

Sizing  psrsmeter  for  BPUR 

FACTOR 

- 

Profit  fsetor 

FLAG 

- 

Nsme  of  CNT  in  subroutines 

FW6 

- 

Sizing  parsmeter  for  STRW 

IHELP 

- 

HEIF  subroutine  indicstor 

II 

- 

Counter  for  cost  spresding 

III 

- 

Counter  for  demo  progrsm  cost  spresding 

IMAX 

- 

Lsst  yesr  in  which  costs  sre  incurred 

INPUT 

- 

Input  vsrisble  in  subroutine 

lORB 

- 

Geostsclonsry  orbit  Indicstor 

LNcac 

- 

launch  cost 

LPYOQ) 

- 

S/C  Isunched  per  yesr  srrsy 

MKO 

- 

Nesr  mission  durstion 

NR(3I 

- 

Non-recurring  costs 

OPX 

- 

Orbit  chsnge  indicstor 

PICT 

- 

Progrsm  inflscion  fsetor 

PLX 

- 

Psrsmeter  listing  indicstor 

?MFL 

- 

Perigee  motor  trade  indicstor 

PMTW 

- 

Perigee  motor  fcwl  weight 

POOC 

- 

Profit  and  on-orbit  Incentive  cost 

PROG 

Program  node  indicator 

PROOF 

- 

Program  costing  forast 

PROGT 

- 

S./C  program  type 

F.;i 

- 

Interaediate  propulsion  S/C  weight 

R(3) 

- 

Recurring  costs 

i 1 


.j 

or  r ‘ ‘ ‘ ' 

} 

TABLE  B-1  (Continurd) 

GLCSSARJ  OF  COMPUTER  PROGRAM  VARI.^LES 

1 

) 

RC 

- RttcurrlAg  cost  for  spr<i*di:.:j 

STORC 

- Scoraga  cost 

1 

SI3MNR 

. Sub  of  noa-racuxrlng 

3UMR 

- SuoB  of  rscurrlog  coses 

} 

TAL212 

- Complexity  factor  array 

TCX 

- TTiC  parameter  change  indicator 

/ 

TEST 

- Input  testing  function 

TOFl 

- S/C  weight  prior  to  .apogee  siocor  kick 

I 

TOF2 

S/C  wsight  prior  to  trannfer  orbit  kick 

TRDX 

•>  Trades  Indicator 

TTCD 

TT&C  S/C  type  indicator 

1 

UACSW 

> New  ACSW 

UAWX 

ACS  parasieter  source  i\i.ulca'  ? 

1 

UCPWR 

- New  CPVR 

UCMT 

- New  CWT 

1 

ITIPWRI 

- New  nPWRl 

New  DPWR2 

UEWX 

- EPS  parameter  source  i*.  Mc-ator 

UPAA 

New  PAA 

UTRCP 

- New  TRFP 

CTTCD 

New  TTCA 

UTTCW 

- New  TTCW 

UTVX 

TT&C  parameter  source  indicator 

XA(4,2) 

Complexity  factor  array 

:tdr 

Number  of  flight  demonstration  replenishment  S/C 

XFDSC 

- Number  of  flight  demonstration  S/C 

XFERC 

- Total  transfer  orb  i f and  STS  cost 

XFRCST(30) 

- Transfer  orbit  and  STS  cost  per  year 

1 

1 

XC?T 

Number  of  STS  launches  per  year 

:-2sc 

- Number  of  on^rbit  S/C 

1 

xcs  cr: 

- Counter  lior  XOSC 

1 

IS  CL 

- Number  of  S/C  launches 

) 

"^CFL 

- Number  of  S/C  per  STS  launch 

UL 

f 

> 

! 

TABLE  B-1  CContinuad) 


XSCPT 

Y(^,2) 

YRCSTC3Q) 


Numb«r  of  S/C  Imunchcd  pnr  y«ar 
Comploxity  factor  array 
Program  cost  par  yaar 


1QC 

HC 

20 

30 

40 

SO 

60 

70 

80 

«0 

ICO 

no 

120 

130 

140 

150 

160 

170 

18CC 

19C 

200 

210 

220 

23C 

240 

250 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

44C 

450 

460 

470 

480 

490 

500 

510 


PRObR.n  scpce:  s;c  P4«*M€Te a/cosr 

W6HSX0M  1.1  - ‘ 

iULCSTC  30)  »0l  CSU30)  »tPT»OS  C- 

Col5i;iM*/«^“/*SC.XOSC,XF(»SOP906f.«HO,Xl»,bY« 

COHnON  /CST; TPC»P«C»$TSC/T  SMC.PHX 
T6S  T<  4, U)  ■<*.£0.0.) 

MERE  starts  the  PROttRAI* 

KRuln-THlS  IS  the  SPACECHAFT  PAHAHETER  and 
PRINT, -ESTINATING  procrah  bewecoped  at  facc  WOL. 

tt  U 8 ^6  ? ^ ^ 

PRINT, "00  TOO  NCt#  HetP7  1»T6S,2*H0" 

reao,I"«lp 

1 FU  HEUP.LE.1  >CAUL  HELP 

PrInJ, -INPUT  PR06RAP  (loot  ; 1-COST  ONLY,  2-FULL  PROGRAH"  

READ,  PROG 

,U  '*PR;2l!-?C^3T'r!!S?»1ETERS:CCP,TCP,SCP,ACP,£CP1,6OL,XSC0- 

^JII!Tl-i“iiriAniElMs!oi«  SC,x0SC,*F0SC,PR0GT,P«0GF,NPO,*IR- 

Rjio,BTii,m,XUSC,XFOSC,PRCuT,PROGF,HHO,Xia 

eCP2«nCL» .73/1 .05 

t CPS-aCL/ .1 1 

CALL  CCdCFd) 

CALL  TTCCfd) 

CALL  ACSCF(1,PAA) 

GO  TO  J35 

Pr'i‘nt!-00  YOU  RANT  TO  CHANGt  JRbIt  PARAHETLRS?  1-y£S,2-MO" 
REAO,OFX 

GO  TO  (15, SO), (IPX  . 

PR1NI,"(S  ORbIT  r,EOSTAT|00*HY?  1»TES,..»HL 

mEAO  , t CRO 

G J TO  (2U,25  ) , tORO 
;0  0V1-24«'».A5 


13 


15 


Figure  3-1 


Cooputer  Program  Listing 


OF  PCO^i  quality 


S20 

530 

5*0 

550  22 
560 
570 

5*0  2 5 
5»0 
600 
610 
620 
63C 
6*0 
650 
660 
670 
680 
69C 
700 
710 
720 
730 

•^*0  3T 

750 

760 

7T0 

780 

790 

$00  SC 

$10  55 

820 

$30 

$*0 

$50  60 
$60 
$70 
$$0 
$90 
900 
910 

920  6$ 
930  70 
9*0  75 
950 
960 
970  78 
980 
990 

1000  $3 
1010  $5 
1020 
1030 


Fyr«.2S2 

STI«2$.5 

F,Ka22755.3 

V3«S0«T(2,1S227  E11/FAR) 

tf<.aSai»T(1  .55133El5/7*«/<36C3.V*f*R)) 

^PtlSriSlNRUT  ORBIT  P*RAHEr6RS:F*R-fP«.fI**C.  GE  0 ST.T  lOMARY  **8105- 
i2275  5.3  HUES" 

R£*0#F*R* FPR/TlnC 

-Wl»  SORT ( 1. 1 94* 1 E$  »f *R/ (3  603.9*f*p ) ) -772  7. 9 
t InP.lt.* 175)  ST *»*8S(2 e. b-TlNC) 

IK(*1  75  LE  .f  1 • *Ntt.  < f I i«C  .LT  ,65 .0  > ) ST  *-*bS  t 5 5.0- F IMC  1 
!F((65:?!:t!FirHi.;N«.CflMC.LT.82.>))  ST.-ABSTTS.O-FINC, 

IF<82.  5.LE.MHC)  STX-90.U-MNC 
FwF- .073 

I F<F AR.E8.7PR)  6C  TC  22 
A1-(3403^9*F*R)/2.0 
*2-( F*R*FPR) /2.0 

P1-FAR*<2-FPR/A1  ) 

P2-F  ar*(2-7PR/a2: 

V3«SaRT(2.15  22  7E11»<2.3/P1  .0/AD) 

w'*-SU*Tl2.15227el1«<2.J/P2-1.0/»2>) 
av^-^«T^/34. 2 ►V*.. 2-2*93  *V**COS(  ST  */S7. 29581  ) 

21-EXP(OV2/30*0,2) 
i2-EXP <0W  1/2995. 1) 

23-EXP<9V  1/2863.5) 

Z4-£»pf''V  2/2902. 9) 

Z 5-C  » >3Vl/ 2$** .0) 

MlN”,-tS'5oi'i«T  TO  CHAAGE  the  PROCRAH  COSTING  P*  PANE  T E*  S-1 -T  E S 

I, 2-NO" 

reao^bpi 

GO  TO  <6U»70)»BP* 

PRtNT»“lNPUT  XSC»*OSC»PHO£T .PROOF .BTR.NMt .* I* 
reao.xsc.xosc.prgct.progf. sr h.nhp  » a i r 
XFS6C-0 

1 F(PR0GF.NE.2)  60  TO  6$ 

PRINT, "INPUT  XFOSC" 

READ ,X  FOSC 
GO  TO  70 
XFOSC-0 

PRIM?  ,"00*t0U*WANT  to  change  SCL  OR  OVHV  1-TES,2-N0" 

READ.SCLX 

«0  TO  C/8,80 1 ,S CLX 
PRINT, "INPUT  SCL.DVPV" 
read  ,S  CL.DVM V 
I6-E  XP (OVNV) 

PRIHT,"00*^TOU*wANT  to  LHANut  THE  CONN  S/3  PAR  A HE  T E *S’ 1 » » E S ,2-NO" 
read,  CSX 

GO  TO  {90,110),CS* 


Figure  B-1,  CContinuedl 
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1OA0 

93 

T050 

1060 

10  70 

10H0 

109U 

1100 

1110 

1120 

95 

1130 

97. 

11  AO 

1150 

130 

1160 

110 

11  70C 

1180 

23  0 

11  90 

20  2 

1200 

1210 

1220 

206 

1230 

1240 

1250 

20« 

12o0 

12  70 

239 

1280 

21  G 

1290 

1300 

1310 

1320 

1330 

13A0 

13  50 

21  2 

1350 

13  70 

1380 

1390 

uoo 

21  5 

1A10 

22  0 

1A20 

222 

1430 

1440 

1450 

22  6 

1460 

1470 

1480 

25  0 

1490 

231 

15CU 

1510 

23  2 

15  20 

1530 

1540 

1550 

p^inr.-iNnuT  c«r,crw«,T»n».  u;i  cwr«o  ron  no  chance  in 

i rvAocs  Nooc* 

AEAo«ucur«uc>wR«urMrA 
It  (TEST (UCNT#CNr) ) 6U  To  9U 
irCUCbI.EO.O.O)  GO  TO  9; 

CPviiaucvwa 
CWTaUCTiT 
TKFPauTMTA 
GO  TO  (100«97),CNT 

PI!INT."AN  input  of  ZEaO  CM  THt  rifxr  nine  questions  indicates  no  c 

AHANGE." 

call  CtNCF (CNT) 

CHWT«tUT.Ct.D28*FNF)/.oiS 
NON  ME  INPUT  PARAHETEKS  F CK  TT(C  AND  ACS 
GO  TUI  206/202 )/CNT 

(’RIfJl/"D'3  rOU  MANT  TO  CM»m,E  TTaC  PARANCTERS?  1a»ES#2''NO“ 

REAO/TCX 

GO  TO  (206/220} /TCI 

PR  IMT," Input  SCURCE  of  T IAC  pARAMCTCRS.  taoiRCCT  input, 2aNOOEL" 
REAO/UTUX 

CO  TO  (2C9/208)  /CNT 

PRlNT/"AN  INPUT  OF  2ENU  CM  THE  NEXT  SIX  QUESTIONS  INDICATES  NO  CH 
aanuE.** 

GO  TO  (2IU/2T2)«UTUX 

PRINT/"InPUT  TTaC  s/s  me  IUNT/DELTA  power  (OVER  BASIC)" 
READ/UTTCU/UDPWRT 
IF  (TEST (UT TCU/CNT) ) bO  TC  21C 
IF  (UTTCM,CO,0,0  GC  TO  215 
TTC  WaiJIT  CM 
DPWR1  >U0PWR1 
GO  TO  215 

PRINT,"IMPOI  TYPE  OF  TTAC  S/S.  1 aSA S I C ,2 *C RT PTO /JaC RTPT 0 AMD  SSNA" 
RFA  0/UTT  CD 

IF ( TEST (UTTCO/CNT ) ) GO  To  212 
IF( jT Tro .0)  GO  TO  215 
TTC  OauTTCO 
call  TTCCF  (CNT) 

GO  TO  (226/222)/CNT 

PR1NT/"00  YOU  MAMT  TO  CmAnGE  ACS  PARAMETERS?  1aTES/2«NO" 

REA  0/ AWX 

GO  To  (226/2AQ] /AWX 

PRINT, "input  source  of  ACS  PARAMETERS  1«OIRECT  I NPUT , 2 aMODEL , " 

RE  « D , UA  4 X 

GO  TO  (250/233),uawx 
60  TO  ( 232  ,231  )/CNT 

PRINT, "AN  INPUT  OF  lERU  L4  THI  N£XT  FOUR  QUESTIONS  INDICATES  NO  f 

change* 

PRINT, "input  ACS  mT, delta  POwER  OUER  8*»IC)" 

READ,uACSU,UDPmR2 

If  ( TC  ST(  itAC  SW,CNT  n bU  tg  C32 

ifcuacsm.eq.u.o)  uo  ru  23c 

ACS  MaiAC  SM 


Figure  S-l.  CConcinued} 
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1S60  SPUItJ  ■U6PUK2 

1570  <i0  TO  256 

1550  253  liO  TC  <256o25()«CNT 

1590  234  P«tNT,'’AN  IN^UT  Of  7CM0  CN  THfc  IICIT  ThRCC  QUESTIONS  INDICATES  NO 
1600  aCmamcC." 

1610  23o  call  ACSCT<;nT#PAA) 

1620C  rMU  UE  INPUT  CPS  PARANETEAS 
1650  230  eO  TO  ( 246#2A2 >rCNT 

16*0  2*2  PRINT, "JO  TOO  WANT  TO  CHANGE  EPS  PARANCTERST  1«tES#2»H0“ 

1650  RE*0,EPX 

1660  GO  TO  (2*6, 260) /EPX 

1670  2*0  PRINT, "INPUT  SOURCE  Of  E Pi  PARANETERS.  1»0IRECT  INPUT, 2«M0PEL. " 
loan  rea»,ufhx 

loQO  GO  TO  (250,2o0) ,UEWX 

1700  2*0  PRINT, "INPUT  EPS  HEIGHT, B0L»»  S/C  BATTERIES" 

1710  READ,EPSW,yOL,XSCB 

172UC  ilOH  that  he  have  all  The  inputs«ue  00  THE  calculations 

1750  2»0  GO  TC  ( 270,262)»UTHX 

17*0  262  60  TO  ( 26*,266«26a)>TTC0 

1750  26*  TTCH«*9.6 

1760  DPHR1-0.0 

1770  GO  TO  270 

1780  266  TTCU>79.6 

1790  DPUR1>60.0 

1800  GO  TO  270 

1810  2»£i  TTCW«109.1 

1820  OPUR1>80.0 

1830  270  GO  TO  (283,272)^UAUX 

18*0  272  If  (PAa.lt. 0.1)  GC  TO  27* 

1850  ACSH«150.1 

1860  au2*151.7 

1870  0PUR2«(J.O 

1880  GO  TO  278 

1890  27*  IF  CPAA.lt. .05)  GO  To  27d 

1900  *C5H«1S1.7 

1910  Ah2«171.7 

1920  or.R2»C.C 

1950  GO  TO  278 

19*0  276  aCSh«186.7 

1950  AH2-206.7 

I960  0PUR2«2S.0 

1970  278  IF  (C)MT.GT.150C.)  ACSuaAh2 

1980  2EU  OPwRiOPWRl  * 0PUR2 

1990  IF(8TR.CT.1982)  CO  TO  232 

20CO  *RYUF«15.U 

2010  t)WTF-7U.O 

2020  XCLSF-.II 

2C;"  GO  TO  2a5 

2U*u  ahtwfbI 7.5 

2050  uHif»*2.S 

2060  XCLSF«.)5 

2070  255  GO  TC  ( 286,29C),uE»x 
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286  XCLSWOL/XCUSr 

TB6««80L».23yi .CS 
86T)(«TBFt>06w*->C6wM-)0.0«  XSCO 
GO  TO  300 

290  {61*1HrP>200.0 

ir<  CPI.tT.O.U)  GO  TO  292 
0PV6«0P6**.2*CP  1 
292  8ATR«220.0 

yp«>t)«rR«0PWP«cP9* 

X$C  0*866/1000.0 

lr< XSCR.GI.2.0)  CO  TO  296 

XGC0a2.U 

GO  TO  296 

XSl U«6(NT(XSCH)6l .0 
29«  TaPH*«i6R«S0.0*XSCB 
£OU*TaPH ‘I.OS 
00L*£(X/.23 
ARrM*eOL/6<iTUr 
XCl.3»eOL/XCL$£ 

B6rw*XiCb*8UTr 
SHMT*6.8«X$C8 
f»CUM«20.8*2. 2«XSC0 
CPS  W*  AHTW«S  HUT  »PCUW«|arii 
330  Fu3»fUT*CPSu 
XU6  ».  567*CUT 
STttua.288«xu3 
tr( STXU.CE. TU6)  ST*b*XW6 
TM«W».02*fU$ 
eiu«.  13e<CuT 
51u*.215»$Tmw 
PRPya  1.U  16*  STRU 

BSU Ta rTCU*A CSU6tPSU*$TRu«  IHIw^Sl U*PRPU«e lU  

OOF  UatlSUT*FUr 
PU1 a. t*OOFU *36. 9 
dSU  Taasu  r*PUl-PRPU 
PRPwaHWl 

SCUUr*CUT*BSUT»COf  U 
our*  Fm>SC  OUT  • 1 6- SC  OUT 
Put  a . 1*  < BVN  FU*OOFU)*36.9 
SSUTaBSUT*PUl-PRPu 
RRRUaRVi 

aOFUaFwF><BSUT«(9VNFU/2)> 

SCOur«CUT»BSuT«bVNFu*auFW 

IF  C ( ( (ChuT.GT.1  3UO.O)  .6(40  .(SCOUT.Gf  . 1 iCO.J)  > .0R.(  (CHUT.lE.I  300.0)  . 
<.ANu  . ( srouT.  ui  .1  3no.0>  > ).o  a.  (uAux.ku.  1 1 ) cu  to  303 
CHU  raSCdUT 
GO  TO  2/2 

:OS  XSRT  2*1  763.2 
AXa/1 
AT*  2 2 
PfIF  U a 1 

x(4R  r 1 *u.  0 
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2600 

AHrua&CO«r*AX-SCOUT 

2610 

Pwl  •,  1«(  BVSrW40  0fW*A(TT»)*  !o.9 

2620 

OSM  T«eSuT*P«1 

2630 

PRPWaPWT 

26AU 

OOF  OarW7 •(8SWT4eVHFU/2) 

2650 

StOyT»CtaT*BSWT4  0W«FP400Fy 

2660  ; 

30  7 

TCF1a(SC0MT4*MRT1 )*4X 

2670 

TOF  2a(TOF1»IFI*T2)  ‘AT 

2680 

*HFWaTf)F1-<SCOWT4IN«T1  > 

2o90 

PWF  yarOF  2<-<  TOF  1 4XNRT2) 

2700 

TOT  FUaAPrW4PPFy 

2710 

SCLUTarOF2*CLOW 

2720 

IF ( PM FL. NC.  1 > CO  TO  330 

2730 

PM>  La  2 

2740 

IFTPMFy.LE,  19700  CO  TO  3 10 

2750 

PMX  a5 

2760 

PML»1 3.0 

2770 

PMC *5500.0 

2780 

CLO  uaQ.U 

2790 

XNkr2a7180,  6 

2800 

GO  TO  307 

2810 

ii  0 

IF  <PMFW.L€. 10165)  GO  TO  315 

2820 

PWX  *4 

2830 

PML»1  6.5 

2840 

PMC  aSCuO.O 

2850 

CLDua48U0.0 

2C60 

XNRT2aJon0.n 

2870 

XNR  T1  -1690 

2880 

*X*24 

2890 

*Ya  15 

2900 

IF < 0V^V. GT.  0.0) GO  TO  307 

2910 

PWl  -1  .01 6-STHy 

2920 

BSWT  -BIGT4PW1  -PRPW 

2930 

pep  yapvi 

2940 

OOF  W-dSWT-FyF 

2950 

PWl  a.  l«OCFW*31  .3 

2960 

BSWTaaSW T4PW1-PRPW 

2970 

PRPyaPWl 

2950 

scoyTacyT*8syT*  COF- 

2990 

CO  TO  30  7 

3000 

31  5 

IF  (((S60C.CT.PMFW).CR.(PMfy.GT 

3010 

PMX  -2 

3020 

PMU-8.0 

3030 

PMC»5COO.O 

304U 

CLBy-3800.0 

3050 

XMT  R2al  333.0 

3060 

4T-2  3 

3070 

WO  TO  307 

3080 

32  0 

IF  ( ( PMF  y.L  T.4  9C0.  ) .OR.  (5  701).. 

3090 

PMX  a1 

3100 

PML  »7  .0 

31 10 

PMC  a 3 700 
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or 
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3t2U  CL0W-2fc«}.6 

3130  )iN*T2«3S3.a 

3140  AT" I 3 

3150  GO  TO  3U7 

3160  3J>  ^NX»3 

31  TO  WU"6.3 

3180  PNC "3000.0 

3190  UDW"Q.a 

3200  330  PtINi,-  * 

3210  P*1  NT  600*bV1.0\«2 

322'J  800  fOPNAT  CDCLTA  Wl  ■ •»»7,2«*  N/S£C  oecTA  V2  ■ **77.2, • N/StC) 

3230  PRINT  R01#CWT«TTCU 

3740  R01  rf’RNRf  (’CON  Ut  a LttS  T TC  «T  ■ LIS') 

3250  PRI  NT  8Q2*ACSU,EPSW 

3260  832  fURNAT  ('ACS  UT  ■ ',£5.1,.'  LBS  JPS  UT  ■ ',£5.1, * L9S') 

3270  PRINT  803,a0L,i«SWT 

3280  833  rORPAT  ('80L  ■ *,£7.1,'  W4TTS  HUS  JT  • ',£6.1,'  LBS') 

3290  PRINT  VUU,00£U 

3300  930  £ORNAT( 'ON-ORO  IT  £UfL  Wl  ■ ',£7.1,'  LBS  ') 

3310  PRI NT  804, Seoul ,SCLWT 

3320  834  fORNATCS/C  ON-ORBIT  uT  • ',£7.1,'  LBS  S/C  LAUNCH  UT  • ',£8.1, 

33  30  a'  LBS ') 

334U  PRI  NT  9Q1,PH1 

3350  93  1 £ORNAT( 'PCRIGEE  NOTOR  ',I1,'  HAS  CHOSEN') 

3360  GO  TO  (332,  331  ),CNT 

3370  33  1 ocuT"CUT-bl(  1) 

3380  0TTCU-TTCU-BL(2) 

3390  0ACSU"ACSU-BL(4> 

3400  0CPSU"EP$U-BL<5) 

3410  ?BSuT«BSuT-BL(10) 

3420  0T*?«,tbpR-BL(2  J) 

3430  000£U"00£U-BL(  1 1) 

3440  OSCOuT"SCOuT-»L (12 ) 

3450  6SCLUT"SCLUT-BL(14) 

3460  PRINT,*  " 

3470  PRINT  8Q5,OCUT,OTTCU 

3480  835  rORHRT  ('DELTA  CON  UT  ■ ',£6.1,'  LBS  OCLTA  TTC  UT  a ',£6.1, 

34£n  6'  LBS  ') 

3500  PRINT  aOe,OACSU,OfPSb 

3510  836  TORMAT  ('DELTA  ACS  UT  ■ ',£o.1,'  LBS  DELTA  |P$  UT  ■ ',£6.1, 

3520  8 ' LBS*) 

3530  PRINT  8U7,DTBPR,I)USUT 

3543  807  £ORNAT  ('0£LTA  BUS  POUER  ■ ',£6.1,'  UATT5  delta  BUS  uT  a ',£6.1, 

3550  1'  LBS') 

3560  PRINT  8O8,DOO£u,bSC0uT 

3570  838  £ORNAT(  'delta  CH-ORBII  £ LE  L uT  ■ ',£6.1,'  LBS  DELTA  S/C  ON-ORBU 
3580  4 UT  • ',£7. 1,'  LbS  ') 

3590  PRINT  S09,DSCL,I 

3600  809  £0 RPAT( 'DELTA  S/C  LAUNCH  "T"  ',£7.1,'  LBS') 

3610  PRINT,*  " 

362U  print, *00  TOO  UANT  A COHPLETI  LISTINGS  0£  »ARAN*T|RS'' 

3630  PR1;jT,"ThIS  LISUnO  IS  .^ItUuUT  head  ING5,  1 "ft  S,2"fiO* 
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3910 

39  20 
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39  70 
3980 
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4010  360 
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4030 

404(1  36  0 

4030 

4060 

4070  39  0 
4080  400 
4090 
4100 
41  10 
4120 
41  30 


RCAb*!*!.! 

6(1  TO  (61U»  332)*  (psu.thRW 

fSIKf  81WC6T,TTC6.ST«W#*CSJ*€PS0»TH«K 

;;i:;  

fUlMT  ei  1»P"V,#SCL^>:SCU»»C  tS/TOI'^'UUl. 

6MIMT  81 
FOKHAT  (6710.1) 

FOAM  AT  (571U.)»)^C) 

CCP-WT 
TcA«T  TCW 

AC”  ■ A t.34  *69  PU 
SCP«$TKU*1*1*'*4S  lU 
tCP1-£PSU*£1« 

Efp  2"T8P* 

£CP3"»CLS  

tl  ■$CL9T«60.0/  65u00.U*P(*i. 

OSCL”aCU  , 

IF  (PM.£'J.1>  OSCL-0.0 
iFcoscL.ar.LZ)  ' 

(Ff  0SC(..l.t.l.2)STSC7-SC-.-T  /oSOOO.O 
60  TO  (336» 338) »P9C6T 
ST$C»STSC7»22722.a  ♦ 650C. 

60  TO  140 

STSt-STSC7*33806.3  ♦ 450C 
tt ■1HT(18P«/30C.0) 

IF  (T6P(«.6T.3230.0>Et.-7 
IF  (TBP«.L£. 500.0)  El.") 

CALL  P9SCST ($U»6«*SUH«) 

CAl,L  CSTSPO  ( T9C5  T » IIIA  X) 

IF  <P»0li.E6.))  60  TO  450 
60  TO  <390.  350)»CMT 
OL t6A»«iLl"»* 

IF  tII*A*.ST.OLl"AX)  DLINAA»IHAX 
PiltJT,"  " 

DO  36C  I«1.0L1N*A 

BLC$T(1>"T6CST<  D-iLCST<  I ) 

PRINT  570« I»6LCST(I)  . 

furhai  cpelta  cost  TEAP  ‘^12^  •« 

TMF  BASELINE’  1"TES»2"M0' 
PRINT, ’DO  TOO  WANT  TO  CHAlltaE  THE  BAjtLi'^c 

R£A»,CHULX 

60  TO  (390,405),CM6LX 

00  4C0  I"1»30 
BLCSTCI )»tRCST (I ) 

JL  c 1 > "C«7 
0L<  2) "TTCW 
3L(  3)  'STAU 
UL  1 4 ) "AC  $■<( 

6L<  5)  ■FP59 
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4U0 

41  5U 
4160 

41  ;o 

4110 

4190 

4200 

4210 

4220 
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4240 

4250 

4240 

4270 

42SC 

4290 
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4320 
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4340 

4350 

4340 

43  70 
4330 
4390 
440(1 
4*  lU 

4420 

44  30 
4440 

44  50 
4460 
4470 
4430 
4490 
4 500 
4510 
4520 
4530 
4540 
4550 
4SuO 

45  70 
4530 
4590 
4600 
4(it0 
4620 
4630 
4640 

46  50 


43  5 


41  0 
<2  3 
44  0 


450 


13  00 


10  10 


10  20 


04.(6)  aTMlIVi' 

Ui.(  7)  Ml  U 
UL  < 3 ) M 1 U 
01.(  9}  MRfO 
Ot(  10)*OSUT 
0L(  1 1 )*U07i< 
aL(i2)*scoor 
BL(  UlaTOTr’K 
BL(  14>«5CI.WT 
BL( 15  )■(N•r1 
04(  16  laXNIIT  2 
0L(  17)«CLDU 
BL(  18  )«7LUAT (6N1) 

BL(  19)»t»m. 
aL(20>alCC 
BL(21  >a4'2CB 
0L(  22  )•!  'Ll' 

BL<23)»Ta6(.’ 

«(.(  26  XtoOL 

0L(2S>-CPWk 
8L( 26)«7»7^ 

BLt  nAlalMAI 
PRINT, 'OB  too  WANT 
P«INT,'THIS  LKTINB 
IUA0,ILP1 

SO  TO  (4  10,440)  ,4'i.. PI 
P«  INT  4 20*01 
TOOMAT  (6710.1) 

PCtNT,‘*00  TOO  WANT 
MAO#  r*ox 

so  TO  (T  5*4  50) , TROX 
STOP 
INO 

SU3R0UTINC  C0NCF(7LAS) 

logical  test 

INTEScR  CL  19) *7  LAS*  INPUT*  IL<S)*AL(3) 

CON  NO  4/ C T4L/CL*TL*AL 

TCS  T ( INPUT*  7LAS)«1NPUT ,£U  ,0.Am6. 7LAS. 

PR  I NT," input  highest-  con  PUNIC at  ions 

4 3*>  S 6GHI " 

RCA  0*  INPUT 

I7(  T E ST  < INPU  T * 7LC  6 ) ) SO  T C 1 JOO 
If  ( IMWT  .40 ,0)  GO  TO  1010 

CL  ( 1 ) *1  NPUT  „ 

PRINI*"lNPijT  highest  POH  IR  level  AT  HISHkST  7REOUINC7. 

PRI  NT,"1  ■<5U*2*5“lOL*iPlO”2'JU*4P2U“40U*SP>4UH 
REA  N*  I'lPur 

If < IE Sr < iHPUl * 7 LAG ) 1 GO  TC  lOlU 
I7(  pipyT  .EU.O)  GO  TO  1U20 

^PMNrl"^NPUT  type  Of  rR*4»P0N0£R.  1 •TRAn;LATIH0*2«REG|MI»»MNG*3« 

COMB  I NAT 
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IS  Hi TMOUI  hearings,  1«»E1#2«N0* 


TO  HA»E  TRADES’  1»TE$*2*N0“ 
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7 REOUCNCT. 


1 ■<  15GH2,2*<566h{ 
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46  70 
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4*90 
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4 7 40 

47  70 
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4800 
4110 
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4840 
4830 
4880 
4870 
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4900 
4910 
4920 
4930 
4940 
4930 
4960 
4970 
4980 
4990 
3000 
3010 
3020 
3030 
3040 
3030 
30*0 
3070 
3080 
5090 
3100 
3110 
3120 
3130 
31  40 
3150 
3140 
31  70 


MASfINPUT 

if < Tl ST ( IN9UT » f LAC ) 1 W TO  1020 
IM  ir.7V;T  .CQ  .0)  W TO  1030 

133U  m1nt!-iSuT  NUnC*  07  ACUVI  ACOIt  AHFI/1-10  0*  LISS«2*30  09  HI* 

*881  )«T  »"3«100  0*  tlll»4«HOk€  IMAH  100" 

RtA»«  1N9UT 

17  (T|$T (INPUT, 7LA0>>  00  TO  1030 
17  (INPUT. CO. 0)  fcO  TO  1040 

1340  'pa*m’1"1n9UT  NUN8I9  07  »177I«NT  7N|tlUINC'r  NANOS.  1 -1  , 2-2 . 3- 3 , 4- 4 
( OR  NvMC* 

•|A»,  INPUT  _ _ 

17 ( T| $T< INPUT ,7L»6) > 80  TC  1040 
17  < INPUT  .IQ. 0)  60  TO  1030 

1050  'pMMtI-INAUT  NUM8C*  07  RCV/INIT  AMT|NN*  S|T1,1«1,2«2  0»  3,3-4  TO 
86, 4*7  OR  NORI" 

Rl* 9,  INPUT 

|7<  TP  :T  ( n4ruT,7LAG)  ) 60  TC  1030 
I7< INPUT .10.3)  60  TO  10*0 

1060  'pRlu"!-rNPUT  NOST  CONPLI*  ANTINNA  ‘ • ’ " * “ ^ ^ 

P*1 NT  ,"2 ■$! NCLI  SPOTj  8N. Cl  .1 .0,3-1 1N6LE  IPOTl  9O<1.0 
P*tNT,"4-lH*PI0X  SINCL4  • 4. 68. 1.0, 5 -SMAPIO I 11N6LC  lO.LT.l.O 
PR|NT,"6-N0LTIPLI  SPOTlllfcCLl  CM. 01 . 1 .0, 7-NULT 1 PLI  IPOTlllNOLI  • . 

*P*i NT  ,“S-1CANN1 N6.Ll.7bU'  $, 9-lCANNl N0>7|N* 1" 

*1  AO, INPUT 

I 7 ( T I ST  ( input  , 7 LAO  ) ) 00  TC  10*0 
IP  ( INPUT  .10 .0)  00  TO  107C 

'pRIf!:!"lNPUT  NCIT  CONPLIp  AMTINNA  DISIGN.  1 ■H0*N,2-SIN6LI  R|7LICT 


13  AU 


13  7U 

*pR1NT,“5-6UAL  RI7LICT0N,4 -SINCLI  L|N$,5-DJAL  LINI/PMAIIO  ARRAT* 
Rt«0,  INPUT 

1 7 < T I IT  ( INPUT  , 7 LAO  ) > 60  TO  T070 
IF ( 1 N PUT .10 .0 > 60  TO  1080 

^tl?!if'-INPUT  NUNUER  07  7 11  01  IN  NOIT  CONPLl*  ANTENNA  9E1I6N- 

PRlill-lirT;  ?r2-ll  TO  55,3-2*  T©  50.4.51  to  73,5.7*  to  100,*.NO 

8lf  THAN  ICO” 

REAP,  INPUT 

IF  ( TC  SI  ( INPUT  , 7 L*6)  >60  10  1 U*0 
IFl INPUT .19.0)60  TO  1J9U 
C L ( 9 ) 1 1 N PU  T 
10  70  RETURN 
END 

SUiROJTlNt  TTCCF(FLA6) 
logical  TUT 

i;iT  CCER  TL(  5)  , flag,  input  , Cl  IV>  ,al  ( 3) 
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5510 
5520 
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5540 
5550 
5560 

55  70 
5580 
5590 
56C0 
5610 
5620 
5630 
5640 
5650 
5660 

56  70 
5680 
56  90 


23  00 


com<0h/c  TAt/C4»  TL»*L 

TIST(  lH6gT#»t»C)»lNPur.ia  ..af 

P6  I mT»"I(1PUT  HAItNUn  TT6C  HIT  6ATC*CN9  06  U«.  '"OP  TO  100  Kt^S 
P»IHT,"2«0P  TO  1 C8P1#36«C«I  TMAM  1 CiPS" 

A|A»»  INPUT 
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PAINT,“THIS  IS  i/IASIOM  1.1-4  MARCH  1980" 

Pt  I N T ,"  " 

PRINT, "THIS  PKOOAAM  ESTIMATES  THE  SIZE  AND  COST  07  A CP-iMON  IC  A T ION 
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APPENDIX  - 

COMMUNICATIONS  SUBSYSTEM  ESTIMATION 

Estimates  of  the  cotnnninlcations  subsystem  weight  end  D.C.  power  ere 
required  to  use  this  model.  To  demonstrete  this,  e 24-chennel  6/4  GHz 
spacecraft  coomunicetiona  subsystem  is  presented  as  an  example. 

Figure  C-1  iii  a detailed  block  diagram,  and  Table  C-1  is  the  weight/ 
power  summary.  The  total  subsystem  weight  C256.6  lbs),  total  subsystem 
power  C739.2  watts)  and  total  RF  power  (.210  watts)  are  the  basic  Inputs 
for  the  full  program  loode. 
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TABLE  C-1 


SAMPLE  COMMUNICATIONS  SUBSYSTEM  WEICIIT/POWER 


A.  Tr'jnaponder 

1.  Test  Coupler  < 

2.  Bandpass  Filter  < 

3.  RCVRS/OWN  CNVTRS  - 

4.  Hybrids  1/2 

5.  In-Kux  Channels  2 

6.  2/3  - 3/2  Switches  1 

7.  2/3  -3/2  W/G  1 

Switches 

8.  Attenuators  3 

9.  10  Watt  pa's  3 

10.  Isolators  2 

11.  Out  Mux  Changes  2 

12.  Switches 

13.  W/G  Switches 

Subtotal 

14 . Transponder  Mlsc. 

Total  Transponder 

B.  Antennas 

1.  Reflectors 

5.5  ft.  dla. 

2 . Feeds 

3.  Ant.  Mlsc 

Total  Antenna 


g 

Unit 
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Total 

Total 

al 

Active 
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Power 
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(Lbs.k 

Power 

(Watts) 
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• 
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i 
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• 
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- 
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•• 

j 

a 

24 
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727.2 

j 
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D 

C 

0.7/CH 

- 
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— 

J 

0.1 

- 

0.9 

9 

0.3 

- 
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172.3 

739.2 

0.75  X 

12.9 

subtotal 

— 

185.2 

739.2 

2 

15.4 

30.8 

4 

8 

- 

32.0 

- 

8.6 

- 

8.6 
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71.4 

256.6 
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C.  Total  Subsystem 


739.2 
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ADVANCES  IN  MULTIBEAM  SATELLITE  ANTENNA  TECHNOLOGY 


E.  W.  MATTHEWS,  W.  G.  SCOTT,  and  C.  C.  HAN 


Aeronutzx>nic  Ford  Coxporation 
Western  Development  Laboratories  Oivision 
Palo  Alto,  Caliioraia 


Abstract 

This  paper  surveys  the  state  of  the  art  In  multibeam 
antenna  development  as  applicable  to  communication 
satellites.  It  defines  three  basic  forms  of  multibeam 
antennas  — those  providing  space  diversity,  polariza- 
tion diversity,  and  variable-a^ped  beams.  The  use  of 
lenses,  reflectors,  and  phased  arrays  In  multibeam 
conflguratians  is  described.  Finally,  hardware  devel- 
opments in  the  field  are  surveyed,  including  the  LES-7 
waveguide  lens,  more  recent  experimental  TEM  and 
waveguide  lenses,  a dual  K-band  reflector,  and  offset- 
fed  reflectors  for  the  INTELSAT  IV-A  and  V satellites. 


I.  Multibeam  Antennas  - F orms  and  Functions 

Multiple  beam  antennas  have  been  cmsldered  for  nearly 
a decade  now  as  one  answer  to  the  bandwidth  constraints 
affecting  multiple  users  of  a common  radiating  communi- 
cations system,  particularly  involving  a satellite.  If  the 
users  (or  groups  of  users)  are  separated  geographically, 
each  may  reuse  the  same  frequency  band  by  accessing 
the  satellite  through  a different  antenna  beam.  Space 
limitations  on  a satellite,  ho^vever,  call  for  a single  an- 
tenna structure  capable  of  radiating  many  simultaneous 
beams  which  are  sufficiently  isolated  that  individual 
beams  do  not  interfere  with  each  other.  This  is  known 
as  frequency  reuse  through  space  diversity. 

Additionally,  two  users  (or  groups  of  users)  in  the  same 
geographical  area  may  both  use  the  same  frequency  band 
without  interference  by  employing  orthogonal  polariza- 
tions (right  and  left  circular,  or  horizontal  and  vertical). 
This  is  known  as  frequency  reuse  through  polarization 
diversity,  and  is  limited  to  a single  reuse  since  only  two 
orthogonal  polarizations  exist.  Space  diversity  allows 
considerably  more  flexibility,  being  limited  only  by  the 
number  of  individual  beams  Implemented  In  the  antema 
and  by  the  antenna's  resulting  size. 

A third  form  of  multibeam  antenna  needs  to  be  recog- 
nized and  distinguished  from  the  above  two;  this  Is  actu- 
ally a variable-shaped  beam  antenna,  such  aa  proposed 
for  the  Defense  Satellite  Communication  System  (DSCS- 
HD  program,  as  discussed  in  another  session.  This 
antenna  type  may  be  implemented  as  s mvltlbeam  an- 
tenna with  space  dlversltj’,  but  differing  from  the  above 
types  in  that  the  beams  are  interconnected  to  a single 
common  port.  The  sbspe  of  the  resulting  single  beam 
may  be  coDtrolfed  by  means  of  the  Interconnection  net- 
work. thus  providing  two  advantageous  features:  first, 
available  power  can  be  concentrated  only  In  the  areas 
actually  in  use  at  a given  time,  resulting  in  increased 


EIRP  and  G/T;  and  second,  areas  where  interferwee 
is  being  experienced  (jamming)  can  be  discriminated 
against  by  forming  nulls  in  the  net  antenna  pattern  in 
those  dixectlona,  either  by  command  or  adaptively. 

n.  Types  of  Multibeam  Antennas 

Three  distinct  types  of  multibeam  antennas  ore  exam- 
ined - lenses,  reflectors,  and  arrays.  Each  type  is 
discussed,  their  operating  principles  and  subtypes  de- 
scribed, and  their  relative  merits  compared. 

A.  Multibeam  Lens  Antennas 

Multiple  beams  in  space  may  be  created  by  focusing  the 
energy  from  a primary  array  of  feed  boms  through  a 
microwave  lens.  The  axial  symmetry  of  such  a cenfig- 
uratloD  allows  low  aberration  for  scanned  beams,  thus 
resulting  in  low  sidelobes  and  cross-polarization  com- 
ponents, which  axe  imp>3rtant  considerations  for  fre- 
quency reuse  applicstlons.  Two  types  of  lenses  have 
been  considered  for  microwave  use. 

Itefractive  Lenses.  The  classic  solid  dielectric  lens 
sliown  in  Fig.  1 was  stxuiied  for  multibeam  use  by 
Lockheed^  and  Hughes.  ^ For  a 30  dB  sidelobe  specifi- 
cation, it  was  shown^  that  random  variations  of  refrac- 
tive index  must  be  controlled  to  within  0.  ^ around  a 
nominal  value  of  2.  0.  Since  lightweight  low-lose  mate- 
rials of  this  uniformity  were  not  available,  no  ftirtfaer 
effort  was  applied. 


Fig.  1 Befractlve  Lena 

Constrained  Lenses.  A constrained  Icr*  <9  a form  of 
space-fed  array,  as  shown  In  Fig,  2.  A rmy  path 
thxxxigfa  the  lens  Is  constrained  to  follow  an  RF  trans- 
mission line,  interconnecting  small  pickup  and  reradi- 
atlng  elements.  Optimum  low-aberration  beam  control 


1 


J 


Fig.  2 C cm  strained  I -s 

Is  established  by  proper  choice  of  line  length  sod  element 
positioning.  Cl^acterizatioo  of  this  lens  type  is  gener> 
ally  In  terms  of  the  type  of  wave  carried  by  the  RF  lines, 
i.e. , waveguide  or  TEM  (bootlace).  The  latter  are  non- 
dlspersive  and  as  such  usually  exhibit  greater  band' 
widths;  they  may  utilize  coaxial,  microstrip,  or  similar 
types  of  delay  lines,  generally  much  smaller  In  cross- 
sectional  cUmensions  than  waveguides.  As  a conse- 
quence, this  type  of  Interconnectloo  allows  more  freetkun 
in  choosing  the  lens  optical  design  to  achieve  minimum 
aberrations.  The  TEM  lens  should  thus  be  capable  of 
lower  sidelobe  performance  than  the  waveguide,  although 
it  may  be  somewhat  more  lossy  due  to  the  dissipation  In 
its  lines. 

B.  Reflector  Antennas 

Reflector-type  multibeam  antennae  are  potentially  at- 
tractive because  of  their  design  simplicity,  inherent 
bandwidth,  ease  of  construction,  light  weight,  and  low 
cost.  However,  studies  have  shown  that  the  usiial  large 
multibeam  feed  structures  cause  excessive  blockage  and 


consequent  high  sidslabe  levels  for  all  configurations 
except  offaet-fed  typea,  such  as  shown  in  Fig.  3.  These 
dsai^s  usually  consist  of  a sectlaD  of  a larger  parabola, 
whose  focal  point  Is  located  such  that  the  feed  does  not 
block  direct^  rsflected  rays  from  the  sectlan.  Feed 
energy  is  constrained  to  Illuminate  the  parsbolic  sec- 
tloo,  with  proper  amplitude  taper  for  desired  low  side- 
lobes.  Offset-fed  tyi^e  are  lass  well  known  than  sym- 
metrically fad  types  (including  csssegralnlan),  and  are 
subject  to  rapid  Jsterloration  cf  sldslobsa  and  crosa- 
polaxlzatlco  properties  for  off-axis  scanned  beams 
unless  special  techniques  are  used  to  compensate  for 
the  uaual  phase  errors,  such  as  reflector  shaping  and 
dual-focus  designs. 


SIMPLE  OF FSET-FEO  b.  DUAL  OFFSET aRfOOniAN 

nCFLeCTOR  nSFLECTOR  SVSTSM 

Fig.  3 Reflector  Antennas 

To  illustrate  what  performance  can  be  expected  from 
an  offset-fed  refiector  system,  calculatlona  were  run 
for  an  8 GHz  design  with  a reflector  diameter  of  8 feet 
(64  wavelengths)  and  a focal  length  of  10  feet,  producing 
a 1.3*  half-power  beamwidth.  A parabolic  amplitude 
taper  with  -28  dB  edge  llluminstlan  was  assumed,  with 
constant  phase.  Scanning  was  accompllsbed  by  dls- 
plscing  tto  feed  from  the  focal  point  and  readjusting 
feed  orientation  to  maintain  the  same  illumlnatlan  pat- 
tern over  the  reflector.  Patterns  for  scans  up  to  *10* 
in  the  plane  of  scan  are  shown  in  Fig.  4;  patterns  for 


Fig.  4 Computed  Vertical  Plane  Scan  Patterns  of  Offset  Paraboloid 
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orthogtnal  lud  45*  cut*  through  the  oo-axla  beam,  m 
<1  as  thoM  for  tbs  oxtrama  scan  positions,  ars  shown 
: Fig.  5.  Thess  figurss  show  sldslobss  gsnsrally  maln- 
^sd  bslow  <^0  dB  ovsr  the  entire  scan  range,  with 
little  change  in  gain,  and  a gradual  broadening  of  the 
malnlobe  for  the  scanned  beams,  as  shown  In  Fig.  6. 
This  broadening  may  actually  be  more  harmful  for  fre- 
quency reuse  applications  than  degraded  sldelobes,  since 
the  broadened  beam  will  increase  the  minimum  ^rfng 
between  beams  required  to  maintain  a given  degree  of 
Isolation,  which  Is  roughly  equal  to  the  distance  between 
nulls  of  the  main  beams. 

MTTCRN  ANCLi 


a.  45*  Plane 


ANGLE 


b.  Horiscntal  Plane 

Fig.  5 Vertical  Plane  Pattens  for  Central  and 
Extreme  Angle  Scan  Positions 


Fig.  6 Beamwldth  Scan  Broadening 


However,  this  slse  reduction  also  requires  the  array  to 
scan  over  proportionately  wider  limits,  which  becomes 
dUUcult  for  earth-coverage  applicatlcns  with  any  sub- 
stantial degree  of  magnification.  Furthermore,  true 
multibeam  applications  (as  contrasted  with  shaped 
beams)  require  multiple  phasing  networks  for  the  array 
feeds,  as  will  be  mentlOQid  In  the  next  section.  Appar- 
ently the  tiue  Gregorian  system  has  received  little 
study,  although  its  potential  for  multiple  beam  use  Is 
attractive. 

hi  the  array-fed  reflector  each  feed  element  separately 
illuminates  the  reflector  to  generate  a component  beam 
In  the  &r  field.  By  properly  exciting  feed  elements, 
and  thus  summing  Individual  component  beams,  a de- 
sired shaped  beam  may  be  adxieved  to  serve  a spedflc 
grouxxl  coverage  area.  Depending  on  the  feed-array 
elemeik,  this  system  can  be  operated  for  any  linear  or 
circular  polazisatloo.  Circular  polarization  (CP)  is 
attx^tive  for  an  oflset  reflector  when  polarization  di- 
versity Is  used  since  an  offset  parabolic  reflector  does 
not  generate  a cross-pclarlzed  signal  when  the  feed  has 
perfect  CP  pattern.  Thus  for  CP  beams,  good  polazi- 
zsticn  Isolstlon  and  sjdsl  ratio  can  be  obulned  ^ prop* 
•erly  designing  tbe  element  and  array  configuration. 

C.  Multibeam  Phased  Array  Antennas 


The  Gregorian  dual-reflector  system,  shown  In  Fig.  3b 
and  described  by  Fitzgerald,  ^ represents  a potential 
improvement  in  offaet-fed  reflector  performancb.  "ince 
the  second  reflector  allows  an  addltioDal  dagree  of  free- 
dom available  for  optimizing  off-axis  scanning  charac- 
teristics. Two  versions  have  been  studied  — the  true 
Gregorian  with  multiple  individual  displaced  feeds,  and 
the  nesr-field  Gregorian  with  a small  planar  array  teed, 
which  scans  the  secondary  beam  by  tilting  tlw  phSM 
front  of  the  array  feed.  The  advantage  of  the  array  feed 
is  that  continuous  control  of  the  scanned  beam  la  avail- 
able v/itb  a modest-sized  sirsy,  whose  size  is  reduced 
from  the  radiating  aperture  diameter  by  the  ratio  of  the 
focal  lengths  (magnlflcadon)  of  the  two  reflectors. 


A cooventionsl  planar  phased  array  oonalstlng  of  Iden- 
tical low-gain,  uniformly  spaced  radiators  can  bs 
adapted  for  multlpls  beam  use  by  providing  separate 
beam  forming  and  steering  netwm^  for  each  individual 
beam,  tnd  combining  their  outputs  at  each  array  ele- 
ment, as  dsplcted  In  Fig.  7 . Separata  sets  of  networlcs 
separated  fay  dlplexers  srs  also  required  for  receive 
and  transmit;  or  different  srrsys  (or  array  elements) 
can  be  used  for  the  two  ftmctlons.  The  weight  sod  com- 
plexity of  such  s system  increase  in  proportion  to  tbe 
number  of  simultaneaus  beams,  and  become  a major 
factor  against  the  choice  of  such  a system  for  uiy  slg- 
nlflcant  number  of  beams.  Tbe  posable  use  of  a Butler 
matrix  to  passively  form  multiple  beams  in  space  from 
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Fig.  7 Typical  Multibeam  Array  Antenna  System 
Schematic  Using  Four  Active  Beams 

a common  array  seems  appealing,  but  introduces  too 
great  a degree  of  inflexibility  in  beam  positioning  to  be 
of  general  use. 

Another  factor  weighing  heavily  against  phased  array 
multibeam  transmit  antennas  is  the  need  to  provide  indi- 
vidual power  amplifiers  at  each  radiating  element,  each 
of  which  must  himdle  slmtiltaneous  signals  from  all  of  the 
multiple  beams.  To  avoid  excessive  intermodulatlao 
generation,  AM/PM  ccnversion,  and  signal  suppression 
effects  due  to  the  presence  of  the  multiple  signals,  great 
care  must  be  taken  to  avoid  saturatian  within  these  de- 
vices, forcing  them  to  operate  in  their  low-^fllciency 
linear  regions.  This  penalizes  the  overall  transmitter 
efficiency  available  by  a factor  of  5 to  10  dB.  and  thus 
ftirther  Increases  weight  and  prime  power  requirements 
severely. 

•\s  an  example  of  the  extent  of  such  compramises,  we 
quote  a summary  of  the  characteristics  of  several  alter- 
nate multiple-beam  phased  array  antennas  configured  by 
Hughes'^  for  a general  purpose  Armed  Forces  satellite. 
The  anteimas  were  to  operate  at  X-band  (7 -8  GHz),  and 
have  the  ability  to  positioD  10  to  30  simultaneous  beams 
anywhere  on  earth  from  synchronous  altltuds  (*8. 7 * field 
of  vdew).  The  number  of  discretely  driven  elements  is 
determined  by  the  minimum  beamwldth  required  to  avoid 
excessive  gain  loss  when  scanning  to  the  edge  of  the 
earth,  and  r:  <<..iw  hile  maintaining  grating  lobes  outside 
the  eartl*.  TM.'r  results  in  a maximum  element  spacing 
of  about  5 incboa,  with  the  total  number  of  elements  re- 
quired for  s 5- foot-diameter  array  being  around  91,  and 
a corresponding  increase  to  472  for  a 10-foot  array. 
Other  characteriatlcs  of  these  two  sizes  are  summarized 
in  Table  1,  based  on  tn  assumed  radiated  power  require- 
ment of  10  W per  beam,  and  using  TWT  power  ampU- 
flers  with  saturated  power  levels  10  dB  greater  than 
actually  required,  thus  assuring  linear  operation.  FET 
preamplifiers  at  each  receive  antenna  element  were 
assumed,  with  20  to  30  dB  gain,  and  4-bit  diode  phase 
shifters  consuming  0.  5 W each.  Totals  for  even  the 
smallest  10-beam  S-foot  array  show  sn  estimated  weight 
of  over  7 00  lb  and  a prime  power  requirement  of  4. 5 kW, 
for  net  radiated  power  of  ody  100  W.  Tlw  design  would 
require  910  phase  shifters  to  form  the  10  separate  beams, 
and  91  lO-watt  TlV’T's  each  operating  at  abwt  10%  of 


Table  1.  Projected  Characteilstica  of  aa  X-Band 
Multibeam  Array  Antenna 


rated  power,  with  a net  efficiency  of  only  2.5%.  In  con- 
trast, a TEIM  waveguide  lena  of  the  same  size,  with  a 
10-beam  feed  network  and  ter  100-watt  TWT's,  would 
weigh  lesa  than  125  Ib. 

A more  attractive  use  for  a phased-array  multibeam 
antenna  is  in  producing  shap^  beams,  rather  than  mul- 
tiple simultaneous  beams,  as  specified  for  the  DSCS-m 
antimns-  A single  beam  as  narrow  as  2*  is  desired 
snywhere  on  earth  from  synchrcnous  altitude,  or  a var- 
iable pattern  up  to  hill  earth  coverage,  with  the  addi- 
tional ability  to  produce  mills  within  t:is  ptdtem  to 
discrlmlnatB  ag^st  Jammers.  The  pha^  array  is 
well  suited  to  this  application,  since  it  Is  able  to  pro- 
duce hlgh-galn  low-sidelobe  beams  Individually  or  In 
various  combinations  merely  by  adjusting  phases  over 
tbs  aperture.  With  tapered  amplitude  tUu^nation  and 
carehil  phase  control  (typical  5*  tolerancea),  sidelobes 
as  lorw  as  -35  dB  can  be  achieved.  ^ Multiple  phasing 
networks  for  multiple  beams  are  not  required,  tdnoe 
only  s single  beam  of  variable  shape  is  to  be  produced. 
The  overall  array  size  la  determined  by  the  narrowest 
beam  desited.  resulting  in  a 5-foot  diameter  for  tapered 
low-sidelobe  illumination  at  X-baod.  The  number  of 
array  elements  required  la  a hmctlon  of  the  grating  lobe 
(xmdltlcm  as  well  as  the  sldelobe  level  and  beam  pointing 
accuracy  desired.  Tbs  5-foot  aperture  can  be  filled 
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wltb  91  alamniU,  aach  3 wawlangtha  in  diamatar, 
arraactd  is  triangular  faahlon,  which  will  maintain  30 
dB  aldalobai  for  acaaning  to  tha  adga  of  earth,  wfaila 
elimlnaaiv  gradag  lohaa  from  tha  aarth'a  &ald  of  view. 
Careful  control  of  the  traaamlt  array  power  ampUflara 
on  each  alamaat  would  attU  be  uoaaaaty  to  avoid  phaaa 
changaa  with  algiial  laveia,  and  ccoaaquant  haem  aqulnt, 
but  tha  probiam  would  ba  cooalderably  aaaad  aince  mul- 
tiple uaars  In  tha  aama  banda  would  not  be  preaaot. 
Furthermore,  at  laaat  6-talt  digital  phaaa  aUftara  would 
ba  nacaaaary  to  achieve  phaae  accuraciaa  conalatant  with 
the  low  aldeloba  requliemanta.  The  reaultlng  daalgn 
would  have  aa  much  beam  and  null  control  capabllltlaa 
aa  a 91-beam  lena  antanna,  aa  ahown  by  coneaponding 
calculatad  pattema  for  tha  two  caaaa. 


m.  MultB)eam  Antanna  Appllcatlong 
A.  Multibeam  lonaea 


A true  multibeam  antanna  for  r^tial  frequancy  rauae 
producea  many  aeparate  baama  from  one  oommon  aper- 
ture. Typically,  30  dB  aldalobaa  are  needed  and  from 
5 to  10  or  more  baama  may  ba  daalred.  Uaa  of  a 7 - 
Obrmant  feed  cluater  ia  nacaaaary  to  form  each  low- 
aldalobe  pencil  beam  while  retaining  appraxlmataly  one- 
beamwldth  awitcfaed  beam  poeltlbning  reaolutlon.  The 
'.ifTspieta  feed  array  may  contain  50  to  100  feed  radia- 
tora,  followed  by  a aet  of  7 -to-1  BFN'a  (beam  forming 
natworka),  uie  for  each  beam  port  (Fig.  8).  Each  BFN 
may  ba  awltrhid  to  different  aata  of  fmd  alementa,  if 
deaf  red,  thereby  providing  each  baam  with  a range  of 
pointing  diiecdona  to  ha  choaen  by  ground  command. 

The  excellent  low-aberratioo  optica  of  the  TEM  lens  per- 
mita  the  axcltatlao  aata  for  all  BFN'a  to  be  tha  aama  (in- 
variant with  baam  poaitlcn) . tbua  permitting  a vaet 
aimpUflcation  in  ground  command  requirementa  for  low- 
aldelobe  beam  pointing  control. 
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Fig.  8 Multlbaam  TEM  Lana  Diagram 

Experimental  TEM  Lena.  Thia  applicadon  hae  been  the 
fo<^  of  exteoaive  development  of  low-aidelobe  TEM 
lenaea  at  Aeronutrooic  Ford.  The  particular  TEM  line 
lena  baa  a apherical  Inner  (S^)  aurface  and  a planar 
outer  (S2)  aurface,  with  all  Interconnection  line  a of  equal 
length.  &ch  georoetry  prcvldea  exeelleiU  amall-angle 
•van  focusing  neoeaaary  to  maintain  low  sidelobee  for  all 
beam  poaltiona  over  the  lens  FOV  (field  of  view).  The 
use  of  RF  printed  circuit  techniques  (such  ae  open  mlcro- 
Btripi  for  interconnecting  linea  offers  tha  advantagaa  of 


low  smight  (thin  PC  carda),  high  reliability  (no  connac- 
tora),  and  eaea  of  quantity  precision  productioD  (photo- 
atching). 

The  prallfflinaxy  design  ol  such  a lena  for  atmultaneoua 
4 and  8 CMz  oparatloo  (Fig.  3)  baa  bean  daacrlbsd  pre- 
viously. ^ Ea^  triad  (oonaletinf  of  one  Sx  radiator,  one 
mlcrostiip  Una,  and  tte  corraapoodlng  Sg  radiator)  la 
photoatch^  onto  the  two  aldea  of  a thin  (0.020  Inch 
thick)  flat  ooppar-clad  dielectric  card.  Each  card  ta 
mated  with  a saoond  ortbogonal  caxd  into  a croaasd- 
card  conflguratlan  so  aa  to  produce  lena  oparatton  in- 
dapandent  of  polarlutioa.  A oollactloc  of  auch  card 
pairs  la  mounted  through  alota  in  a pair  of  circular 
metaUlc  ahaata  (the  Sg  ahaet  being  planar  and  the 
aheat  apbarlcal)  ao  that  each  radiator  protrudes  "out- 
ward" teyood  its  lespactiva  ahaet,  which  acts  as  a 
ground  plana  for  tha  radiators.  In  affect,  the  and  Sg 
ahaata  are  slotted  racks  serving  to  hold  card  pairs  in  a 
drcttlar  array  matrix.  This  collection  of  cai^  and 
conducting  shaeta  ia  the  TEM  lena  (Fig.  9). 


CAaOlUtMfNT 


Fig.  9 Printed  Circuit  Card,  TEM 
lens,  and  Feed  Chietera 

The  teed  array  was  daalgDed  to  ccnalst  of  amall  radla- 
tora  in  a nearly  triangular  lattloa  cn  a ^iharlcal  foi^ 
scan  surface.  To  produce  each  low-sldsloba  pencil 
beam,  a symmetrical  cluster  of  teed  elamanta  wae 
driven  as  an  array,  using  7 elamanta  at  6 G31z  and  13 
elamanta  at  4 GHz  (Fig.  10).  A coraputarlzad  synthasla 
technique  waa  developed  to  calculate  optimized  phaee 
md  amplitude  excltaticn  coafficleats  of  the  indtddual 
dusters.  ’ 

An  electrical  uat  modal  of  thia  antenna  waa  constructed 
for  experimental  pattern  mating  at  C-band  (Fig.  II). 
This  modal  has  a diamatar  cS  5 feat,  as  well  aa  a 5-foot 
focal  length,  and  uaaa  396  card  pairs  la  tha  TEM  Ians. 

It  includes  a 19-elemant  linearly  polarizad  teed  chute r 
on  a maclumical  mount  that  permits  poaitloolng  tha 
cluatar  to  any  position  within  tha  eeith  ooverage  FUV. 
Either  a 7-way  (B  Qlz  band)  or  13-way  (4  Olz  band) 
power  divider  could  be  connected  to  the  19-eleipant  teed 
cluater  for  testa,  with  unconnected  elamanta  terminated 
In  matched  loads. 
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Fig.  12  MeBsiix«d  vs  Cklculated  4. 9 CSlz  Patteic 
of  TE71  Leca  with  Single  Element  Feed 


Fig.  13  Measured  vs  Calculated  4. 9 GHz 
Pattern  or  TEM  Lens  with  7 -Element 
Feed  Cluster  (On-Axis) 

TEM  Lens  Beam  Isolation  Characteristics.  Jn  order  to 
explore  the  system  capabilities  of  the  TEM  lens  an- 
terna,  a computer-calculated  design  was  devised,  pro- 
'.dding  the  capability  of  generating  61  low-sidelobe  dual- 
polarized  beams  over  a 17*  FOV  at  both  4 and  6 GHz. 
The  general  requirements  of  isolation  between  beams, 
as  well  the  total  coverage  provided  by  the  beams, 
invoke  certain  restrictions  in  the  design  of  a multibeam 
antenna.  These  generally  fall  into  the  following  areas: 

a.  Antenna  beamwldths  and  beam  separation  angles 
must  be  chosen  to  provide  the  required  IsolatloD  as  well 
as  coverage. 


J 

b.  Characteristics  of  the  lndlvl(hiBl  beams,  including 
both  beam  shape  ai>d  sldelobe  levels,  must  be  properly 
selected.  Sldelobe  levels  of  at  least  -35  dB  are  gener- 
ally required,  while  a steep  falloff  of  the  main  beam 
allows  cloeer  spacing  of  individual  beams  without 
interference. 

c.  Use  of  polarization  diversity  requires  (for  CP) 
that  axial  ratios  of  the  Individual  beams  be  maintained 
under  0.  S dB  to  prevent  excessive  leakage  into  the 
croas-polarized  channel. 

d.  Feed  networks  that  provide  excitations  for  indi- 
vidual beams  to  achieve  tie  desired  shapes  and  low 
sidelobes,  as  well  as  necessary  switclUng,  should  be 
as  simple  as  possible  to  avoid  excessive  losses. 

Limits  oo  interbeam  isolation  may  be  established  by 
any  of  the  following  coupling  criteria:  (1)  main  beam 
coupling,  (2)  sldelobe  levels,  ir  (3)  cross-polarized 
levels.  These  levels  must  orulnarily  be  below  the 
desired  isolation  level  »^tween  beams,  over  the  entire 
coverage  area  of  each  beam,  with  sufficient  margin  to 
allow  for  all  contributions  to  the  total  isolation  from 
other  beams.  The  minimum  beam  separation  to  meet 
typical  isolation  requirements  is  usu^ly  established  by 
the  mill-to-nuU  beairi width  of  the  downlink  (broader) 
beam. 

After  extensive  study  of  calculated  patterns,  it  was 
established  that  a maximum  of  six  beams  of  the  avail- 
able 61  dual-polaxized  beams  could  be  excited  simul- 
taneously while  maintaining  an  isolation  of  27  dB 
between  beams,  for  a total  of  12  times  frequency 
reuse.  ^ 

B.  Variable-Shaped  Beam  lenses 

An  alternate  use  of  a multibeam  antenna  lies  In  com- 
bining all  beams  through  a ground-controlled  RP 
variable  power  combiner  (or  variable  power  divider), 
thus  producing  a single  composite  beam  whose  shape 
may  be  varied  from  a single  narrow  pencil  beam  to  a 
much  wider,  flattop  ccmposite  of  to  N beams.  N is 
usually  chosen  so  that  the  widest  flattop  conical  beam 
provides  ft’ll  coverage  of  the  earth.  Another  feature  of 
the  variable  beam  concept  is  the  ability  to  control  the 
DFN  so  that  a narrow  null  is  placed  in  a previously 
established  broad  coverage  beam  in  the  direction  of  a 
discrete  source  of  strong  interference,  t^e^Bby  im- 
proving an  otherwise  unacceptable  signal- to-noise 
ratio.  Both  waveguide  and  'TCM  lenses  have  been  con- 
sidered for  the  variable  beam  application. 

T.FS-7  T<>ni«-  Mon  and  Rlcardl^®  of  MIT's  linooln 
laboratory  have  developed  a laboratory  model  vari- 
able beam  antenna  using  a 30-lncb-diameter  stepped 
waveguide  lens  with  a 19-hom  feed  array  and  a BFN 
tree  of  two-to-one  fenite  waveguide  variable  power  , 
combiners.  They  have  developed  a scalar  computer 
program^l  for  calculating  raoxuiion  patterns  of  this 
lens,  and  have  studied  application  oi  up  to  61-element 
feed  arrays  with  lens  diameters  up  to  50  inches  at 
X-beni.  13 

The  30-inch-dlameter  lens  model  is  illustrated  in 
Fig.  14  consisting  of  over  700  square  waveguide  cells 
with  or?  ring  step  in  its  outer  surface.  The  19- 
element  linearly  polarized  feed  array  is  mounted  on 
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Fig.  14  LES-7  Elxperlmeotal  Waveguide  Lens  Antenna  Design 


a Qat  surface  centered  at  the  lens  focal  point  (f/D  » 1). 
Figure  15  shows  a set  of  Uve  singlet  beams,  each  pro- 
diced  by  separate  excitation  of  one  feed  horn  at  a time. 
Figure  16  shows  the  compjsite  earth  coverage  pattern 
obtained  bF  uniform  coherent  excltatitm  of  all  19  feeds. 
Figure  17  shows  a typical  compound  coverage  contour 
pattern  obtained  by  excitation  of  four  horns.  Illustrating 
the  wide  flexibility  of  this  concept 

Figure  13  shows  a measuie'i  earth  coverage  contour  pat- 
tern plot  with  one  feed  turned  off  so  as  to  create  a narrow 
deep  Interference  rejection  null.  The  dashed  contours 
are  the  calculated  -6  dE  and  -12  dB  contours  for  compar- 
ison. The  dotted  area  haa  a null  depth  of  15  dB  or 
greater.  A similar  tesult  Is  obtained  when  two  adjacoit 
feeds  are  turned  off  (Fig.  19). 


Fig.  15  Superimposed  H-Plane  Patterns  of  Center 
Row  Beams  Measured  at  Design  Frequency 


Fig.  16  Earth-Coverage  Patterns  at  Design  Frequency 


Fig.  17  Compound  Coverage  Contour  Pattern 
(Measurements  in  Decibels) 
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Fig.  10  Mauurfld  EArth-Cowrtge  Contour 
Wth  Feed  22  Off 


Fig.  19  Measured  Elsrtfa-Coverage  Cootour 
With  Feeds  22  and  32  Off 

Experimental  Waveguide  Lenses.  Modifications 
of  the  Dion  and  Rlcardi  waveguide  lens  have  been  de- 
signed and  constructed  by  Lockheed  (48  Inch  diameter) 
and  by  Aeronutronlc  Ford  (48  Inch  diameter),  wherein 
model  antennas  with  61  circularly  polarlxed  feed  ele- 
ments have  been  tested.  In  the  Aeronutronlc  Ford 
antenna,  the  lens  is  a matrLx  of  aqunre  hollow  metallic 
waveguides  forming  a meUlUc  "eggcrate"  structure. 

Si  is  spherical,  with  the  sphere  centered  at  the  lens 
focal  point  (f/D  > 1)  as  in  the  TEM  lens-  S2  Is  elliptical, 
with  three  ring  steps  (setbacks)  to  prevent  excessive 
lens  edge  thickness  and  unacceptobly  narrow  frequency 


bendarldth.  The  usable  bandwidth  of  the  stepped  lens  is 
sbout  5%  to  10%.  This  X-baad  design  has  1528  wave- 
guide cells  arranged  in  a squara  grid.  The  46-lnch- 
dlametar  lens  produces  a 2*  half -power  pencil 
that  may  be  positlooad  over  an  18*  conical  FOV.  It  ex- 
hibits 20  dB  sidelobea  for  ainglet  beam  exdtadoa. 

For  axperlinental  tasting  the  feed  array  for  this  antenna 
was  excited  from  a 61-to-l  variable  BFN  formed  of 
variable  power  divlclera,  attenuators,  and  phase  shift- 
ers. Tha  teat  model  la  lUuatratod  In  Fig.  20.  The  feed 
array  is  positioned  on  a apherical  surface  (Fig.  21)  for 
simplifying  shaped  beam  axcltatioaa  (ho  phase  corroc- 
tione  are  needed  for  o<f-axls  beams.  In  contrast  to  r«- 
qulramenU  for  a flat  array).  Figure  22  shows  d» 
measured  circularly  polarised  patterns  of  five  adjacent 
beame,  energized  and  measured  one  at  a time. 

Figure  23  shows  a right  hand  circularly  polarized 
(RHCP)  measurement  of  the  on-axls  singlet  beam  at 
midband.  Main  beam  axial  rmdo  remain^  below  1.  S 
dB  for  all  poaitiona  over  a bandwidth  of  5. 5%. 

Figure  24  ilhistratea  measured  beam  soanniiy  between 
adjacent  singlet  positions  by  gradual  change  of  the  BFN 
feeding  the  two  beam  faeda.  Figure  25  shows  tbs  mes- 
«ired  RHCP  earth  coverage  pattern  with  all  61  foeda 
equally  excited.  Axial  ratio  lemainsd  below  1.  S dB 


Fig.  20  Multiple  Beam  Waveguide  Lana  Antenna 


Fig.  21  61-Element  Spherical  Feed  Array 
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Flu  23  Singlet  Beam  Pattern,  Central  Beam, 
RHCP,  0-0* 


across  the  5.  5%  band  for  this  case.  Tlie  insertion  of  a 
deep  null  into  the  earth  coverage  beam  was  accomplished 
by  phase  reversal  and  appropriate  ampUtude  control  of 
one  feed  (Figs.  26  and  27).  For  the  . 

subtraction  null  techniques,  the  null  bandwidth  was  found 
to  be  small  (due  primarily  to  the  dispersive  lens  defocus- 
Ing  phenomena),  abc»it  for  a -20  dB  null. 


A 30-lnch-diameter.  19-beam  transmit  antenna  sellar 
to  the  Lincoln  Labs  model  was  constructed  by  Lockheed 
for  Initial  evaluations  of  the  antenna  and  its  control  net- 
work. More  recently,  Lockheed  built  a 48-lnch-diameler 
recei%e  lens,  v^lth  61  feeds  and  a number  of  design 
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Fig.  24  Scanned  Doublet  Beam  Pattern, 
‘ (5,7),  (5,8),  fg.  RHCP,  *0* 


Fig.  25  Earth  Coverage  Beam  Pattern, 

61  Feeds,  Equal  Excitation, 
fg.  RHCP,  - 45* 

optlmlzationa.  This  lens  employs  more  than  2200  wave- 
guide elements  in  a two-zone  configuration.  Although 
no  measured  data  have  been  published,  results  are  re- 
ported to  have  been  excellent.  1^ 

One  major  advantage  of  using  a waveguide  lens  is  the 
ability  to  employ  unique  manufacturing  techniqws  that 
greatly  rrKhice  the  weight  tolerances  required  to  build  a 
structure  fhat  can  withstand  space  applications  with  no 
degradation  of  electrical  properties.  A considerable 
amount  of  research  has  been  done  on  the  use  of  a vari- 
ety of  carbon-composite  structures  In  forming  very 
strong  but  lightweight  square  waveguides. 
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Fig.  26  Earth  Coverage  Null,  Shiglet  Beam  (5,7)  SUbtractiOD  Digitized  Contour 

Plot,  Measured  at  1^,  SHCP 


Fig.  27  Earth  Coverage  Null,  Singlet  Null 
Beam  Pattern,  (5,8),  HHCP 

Lockheed  also  reports  development  of  a unique  power  di- 
vider assembly  and  beam-forming  network  which  greatly 
reduces  the  number  of  levels  required  in  the  network, 
thus  reducing  beam-forming  network  loss  while  pro- 
viding a much  greater  degree  of  precision  in  the  setting 
of  power  at  individual  beam  ports. 

Variable-shaped  beam  lens  antennas  are  currently  under 
investigation  by  two  ccmtractors  (Hu^ies  and  General 
Electric)  for  the  Air  Force  (SAMSO)  as  part  of  contract 
definition  studies  for  DSCS-m. 

TEM  Variable  Beam  Lena.  An  application  of  a TEM 
lens  to  the  variable  beam  concept  was  studied  by 
and  Wnineo.  The  lens  was  formed  of  multiple  flat 
sheets  of  layered  form  and  printed  circuit  boards,  each 
board  containing  a row  of  many  balanced  stripline  delay 
lines,  pickup,  and  reiadiator  dipoles.  Single-sense  cir- 
cular polarization  is  achieved  from  this  linearly  polar- 
zed  lens  by  placing  a form  of  sheet  polarizer  over  the 
tens  apertime,  which  converts  linear  to  circular  polari- 
zation. Four-peroent-bandwidth  waveguide  jsolarlzers 
based  on  ferrite  faraday  rotators  were  proposed  for  use 
in  the  64-1"-’  BFN.  A feature  of  this  lens  was  the  cal- 
culated 30  dB  ddelobe  level  performance  of  the  pencil 
beam  formed  from  a properly  excited  cluster  of  feed 
elements.  No  test  model  has  been  reported. 


C.  Multtbeam  Reflector  Antennas 

Symmetrical  Six-beam  K-Band  Model.  Since  aberra- 
tlons  due  to  offset-fed  reflectors  generally  increase  as 
the  number  of  beamwldths  of  scan  increase,  it  is  espe- 
cially attractive  to  utilize  a symmetrical  feed  structure 
for  Mgber-frequency  narrow  beam  applications,  such  as 
a domestic  satellite  system.  If  the  number  of  simulta- 
neous beams  is  limited,  feed  structure  blockage  may  be 
tolerable  without  producing  excessive  sldelobes. 
Turrln^^  has  proposed  a novel  structure  to  minimize 
such  blockage  by  extending  the  feed  horns  throu^  holes 
in  an  auxillaiy  plane  reflector,  thus  eliminating  most 
of  the  Big)port  and  feed  network  structures  from  the 
blockage  region.  His  design  was  for  a spherical  reflec- 
tor accommodating  six  simultaneous  beams,  pointing 
Mdthin  a 13*  area  (to  cover  ground  stations  from  Hawaii 
to  Puerto  Rico),  for  use  at  both  20  and  30  Caiz.  The 
basic  antenna  layout  is  shown  in  Fig.  28,  with  feed 
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Fig.  28  Multlbeani  Stsheiical/Planar  Reflector 
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locatloM  as  in  Fig.  29.  Orthogonal  linear  polartsatioiis 
were  used  for  the  two  bands,  obtained  from  a novel 
flnned  feed  horn  design.  A 5-foot-diameter  aSO  cm) 
model  was  Ixillt  and  tested.  Beamwldths  of  approxi- 
mately 0.7  • were  obtained  In  both  bands,  principally 
because  of  diffiarent  feed  Illumination  tigers.  Measuzed 
pin  and  flrst-sldelobe  levels  are  shown  In  Fig.  30  as  a 
ftinctlon  of  beam  poli.tlng  direction  off-ajds;  on-axis 
gains  were  47 . 0 dB  at  19  GHz  and  49. 2 dB  at  30. 2 GHz, 
some  3 to  4 dB  below  theoretical  maxima  for  a 5-foot 
aperture.  laolatlcm  between  beams  was  more  than  28  dB, 
except  for  two  adjacont  co-polarlzed  beams  designed  to 
cover  New  Yoric  and  Atlanta,  only  1. 3*  apart,  where 
Isolation  was  24  to  26  dB. 

lyTELsSAT  IV- A Antenn^  The  most  representative 
multibeam  antennas  In  use  today  are  of  the  offset-fed 
reflector  type  as  employed  on  tiw  INTELSAT  IV-A,  the 
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Fig.  29  Feed  Horn  Positions 


Fig.  30  Single-feed  Measurements  of 
Off-axis  Performance 


second  of  the  B^TEIBAT  IV  aeries  of  communication 
satellitea.  Ihcnased  channel  capacity  in  the  IV-A  la 
achieved  ly  reuse  of  the  500  MHz  hands  at  both  4 and  8 
GHz  by  means  of  antenna  beamahapir  j,  which  produces 
two  spatially  isolated  beams  covering  eastern  and 
western  hemispherical  areas,  as  de  ‘icted  in  Fig.  31.17 
Both  Atlantic  and  Pacific  regions  are  shown,  with  cov- 
erage areas  determined  by  locations  of  INTELSAT 
ground  statloos.  Reduced  coverage  is  also  required  at 
eeoondary  regions  shown  as  rectangles.  The  8 GHz 
receive  beams  (LHCP)  each  cover  an  entire  hemisphere. 
The  4 GHz  transmit  beams  (RHCP)  are  forther  divided 
Into  northern  and  southern  quadrants,  which  axe  indi- 
vidually available  for  even-  or  odd-numbered  chanrels 
on  command. 


Fig.  31  INTELSAT  IV-A  Shaped  Ream  Coverage 

The  general  arrangement  of  antenna  hardware  on  the 
IV-A  spacecraft  mast  la  shown  in  Fig.  32.  The  two 
53-inch-square  parabolic  reflectors  at  the  base  of  tbo 
mast  form  the  even-odd  north-south  transmit  beams, 
while  the  east-west  beams  are  pr-dded  by  separate 
sets  of  feeds  for  each  reflector.  The  shaped-beam 
receive  reflector  is  located  above  the  two  transmit 
structures.  A bicoolcal  global-coverage  antenna 
*PP®*^*  flp  of  the  mast.  Performance  char- 
acteristics of  the  antenna  system  are  sxunmarlzed 
In  Table  2,  as  extracted  from  the  Hughes  report.  ^7 
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Fig.  32  General  Arraagexnent  Antema 
Hardware,  INTEISAT  IV-A 


Table  2.  INTELSAT  IV-A  Antenna 
Performance  Characterletica 


The  two  dominant  features  of  the  shaped-beam  antenna 
are  the  multihorn  feed  array  and  the  highly  offset  square 
reflectors.  Both  features  cootribute  to  achieving  the 
required  sldelobe  isolation.  A feed  horn  located  at  the 
focal  point  of  a parabolic  reflector  produces  a secondary 
pattern  coincident  with  the  antenna  bortisight.  An  iden- 
tical feed  horizontally  displaced  from  the  focal  point 
produces  a secondary  pattern  dlsplaoed  in  azimuth  from 
the  boreslght.  If  the  reflector  f/D  ratio  is  sufficiently 
large,  these  two  secondary'  patterns  will  have  very 
similar  shapes. 

Three  .ruch  feed  horns,  horizontally  arrayed  about  the 
focal  point,  Mil  thus  produce  three  secondary  patterns 
staggered  in  azimuth  about  the  antenna  boreslght.  If  the 
relative  beam  displacement  is  equal  to  the  nominal  slde- 


lobe width,  tbe  beam  arrangement  shown  in  Fig.  33 
will  be  resHzed.  hi  this  configuration,  the  sldelobes  of 
beams  I and  3 are  in  phase  with  each  other  but  an  180* 
out  of  phase  with  sldelobes  of  the  middle  beam.  This 
sid>}lolte  cancellation  can  be  maximized,  yielding  the 
pattern  shown  in  Fig.  33b,  if  tbs  outer  beams  are  re- 
duced in  amplitude  relative  to  the  center  beam.  This 
reduction  can  be  accomplished  by  a feed  network  power 
splitter  which  provides  tbe  requized  unequal  power 
levels  to  tbe  feed  horns. 


a.  Component  Beams  for  Three 
Adjacent  Feed  Homs 


b.  Composite  Shaped  Beam 
Fig.  33  Shaped  Beam  Superposition  Conoep>t 

The  particular  arrangement  shown  In  Fig.  33  Is  a case 
of  three  horns  with  a symmetric  power  distributim. 

For  applications  such  as  INTELSAT  IV-A,  where  slde- 
lobes on  only  one  side  of  the  main  beam  need  be  low, 
asymmetric  pmwer  distributions  may  be  used.  The 
number  of  horns  may  also  bs  varied  so  long  as  the 
power  distrlbutlan  is  reoptimized  for  each  case.  The 
result  is  a series  of  two-hom,  three-horn,  and  four- 
horn  arrays,  each  with  low  sidelobe  properties  but  dif- 
ferent beamwidths.  Several  such  arrays  can  be  stacked 
vertically  to  achieve  the  coverage  requirements  of 
INTELSAT  IV-A,  yet  still  retain  sidelobe  performance 
in  the  azimuth  direction. 

Tbe  reflector  associated  with  this  feed  network  is  also 
designed  to  enhance  sidelobe  p>erfbnnance.  A focal 
length  of  50  inches  was  selected  to  minimlu  phase 
errors  and  maximize  sidelobe  perfonnsnce.  In  addi- 
tion, sldelobes  produced  by  apjerture  blockage  are 
eliminated  by  using  a highly  offset  parabolic  reflector 
with  the  bottom  edge  of  the  reflector  located  12  inches 
above  the  focal  axis.  Finally,  the  reflector  cross  sec- 
tion Is  designed  to  be  nearly  square.  This  arrangement 
minimizes  sidelobe  interference  between  the  NW  and 
SE  and  the  NE  and  SW  pjortloos  of  the  coverage  regions. 

A typical  feed-horn  array  for  the  odd-channel  transmit 
antenna  consists  of  37  horns  with  integral  px>larizers 
(Fig.  34).  This  array  is  energized  by  quadrants  from  a 
TEM  transmission  line  power  division  network. 


Coverage: 

Frequencies: 

Polaiizatian: 

Gain: 


All  stations  plus  major  land  mass  in 
Atlantic  and  Pacific  basins  (Fig.  31) 

Receive  5932  to  637  8 MHz 
Transmit  3707  to  4153  MHz 

LHCP  on  receive 
RHCP  on  transmit 
EUlptlcity  < 3 dB 

Receive  22  dB 
Transmit  24  dB  (sector) 

21  dB  (T  mode) 


Sidelobe  level:  C/I  < 27  dB 


Slope: 


< 3 dB/degree 
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Flu.  34  INTELSAT  IV-A  Odd-Channsl  Transmit 
Antenna  Feed  System 

INTELSAT  V Antenna.  The  INTELSAT  V requirements 
are  similar  to  those  of  INTELSAT  IV-A  e.xcept  that 
polarization  diversity  is  also  required  to  provide  simul- 
taneous coverage  of  two  overlapping  regions  in  each 
hemisphere.  A configuration  common  to  the  Atlantic, 
Pacific,  and  Indian  Ocean  theaters  1s  desired,  with  a 
minimum  amount  of  switching  in  the  feed  networks  to 
accommodate  dlfforenoes  between  areas.  Steerable  spot 
beams  for  the  11/14  CHiz  bands  are  also  required.  This 
satellite  is  scheduled  for  development  for  delivery  in 
1979. 

Offset-fed  reflectors  are  also  being  considered  for 
INTELSAT  V,  with  considerably  tighter  control  of  indi- 
vidual shaped  beams  necessary  tc  maintain  low  axial 
ratios  funder  0.75  dB)  to  achieve  at  least  27  dB  isolation 
between  beams.  Aeronutronlc  Ford  has  built  a 9 GHz 
(3  ft  diameter)  scale  model  of  this  C-band  antenna  (Fig. 
33).  Phase  and  amplitudes  for  the  48-hom  feed  array 
shown  were  determined  by  comwter  optimization  to  yield 
the  desired  coverage  pattern. 

A measured  contour  plot  of  the  Western  Hemisphere 
beam  from  this  modal  is  shown  in  Fig.  36a  for  the  p<r1n- 
cipal  RHCP  polarization;  ground  stations  to  be  covered 
are  indicated  by  signs  (representing  the  Indian  Ocean 
area).  Pattern  shaping  to  conform  to  this  desired  cover- 
age area  is  evident,  as  are  the  low  sldelobe  levels  in  the 
Eastern  Hemisphere  (affording  at  leaat  27  dB  isolation 
from  the  Eastern  Hemisphere  beam).  A measured  cross- 
polarized  (LHCP)  radiation  contour  plot  of  the  same  beam 
is  given  in  Fig.  36b;  the  reference  level  for  this  plot  is 
30  dB  below  that  of  the  principal-polarized  plot.  Resulta 
show  that  axial  ratios  In  the  Western  Hemisphere  cover- 
age area  are  below  the  desired  0.75  dB. 

Similar  resulta  have  been  reported  by  TRW^®  In  which  a 
60-lnch  offset-fed  refiector  with  a 4S-elemcnt  feed  was 
tested  at  4 GHz.  Dual  drcularly-polaiired  cup-dipole 
feed  elements  were  used  because  of  their  inherent  low 
xxlal  ratios  and  because  of  their  adjustability  to  compen- 
sate for  mutual  coupling  in  an  array  environment,  as 


Fig.  35  Antenna  Assembly  on  Test  Range 


(fetermlned  by  i»ar-field  testing.  Calculated  and  mea- 
sured hemispherical  beam  contour  patterns  by  TRW 
show  remarkably  good  agreenaent,  good  sldelobes,  and 
low  cross-polarized  levels. 
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INTELSAT  V SPACECRAFT  DESIGN  SUMMARY 


R.  J.  Rufch.  J T.  Johnson,  Dr.  W.  Baer 
Ford  Aerospace  A Communications  Corporation 
Palo  Alto,  California 


AbUOSi 

This  paper  describes  the  technical  aspecu  of  the  Ford 
Aerospace  A Communications  Corporation’s  current  design 
of  INTELSAT  V,  the  largest  commercial  communications 
satellite  ever  designed  and  built  for  the  International  Tele- 
communications Satellite  Organization  (INTELSAT).  The 
spacecraft  system  design  concept  is  described,  with  emphuis 
on  the  key  technologies  utilized  to  configure  the  total  space- 
craft. Key  systems  aspecu  include  a design  summary  with 
discussion  of  the  communications,  controls,  telemetry,  com- 
mand and  ranging,  power,  propulsion,  and  thermal  subsys- 
tems as  well  as  spacecraft-peculiar  operational  characteris- 
tics. Key  technologies  include  use  of  graphite-fiber-reinfor- 
ced  plastic,  contiguous  band  output  multipliers,  duai-polari- 
zation  multiple-shaped  antennu,  dual-collector  II  GHz 
traveling  wave  tubes,  and  electrothermal  thrusters. 

Spacecraft  Design  Summary 

The  INTELSAT  V spacecraft  is  a high-capacity,  com- 
mercial communications  satellite.  Each  satellite  will  be  a 
radio-frequency  relay,  the  space  links  in  the  vast  INTELSAT 
communications  network.  INTELSAT  spacecraft  growth  is 
illustrated  in  Fig.  I.  As  many  as  6 INTELSAT  V satellites 
will  be  operated  simuluneously  to  interconnect  more  than 
300  INTELSAT  earth  terminals.  Depending  on  the  opera- 
tional configuration  employed  at  INTELSAT,  each  satellite 
will  carry  up  to  12.000  two-way  telephone  circuiu  and  two 
color-television  transmifsions. 


Fig.  1 INTELSAT  spaceaaft  growth. 

The  powerful  communications  transmitters,  sensitive 
communications  receivers,  and  rf  upconverters  require  nearly 
800  watts  of  elearical  power.  Consequently,  a large  solar 
array  area  of  nearly  20  square  meters  is  required  to  provide 
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electrical  power  for  the  communications  and  supporting  sub- 
systems. The  solar  array  area  neceuiutes  a body-subilized 
spacecraft  configuration  with  deployable,  sun-oriented  solar 
panels. 

The  spacecraft  three-axis-stabilized  design  is  composed  of 
a box-shaped  main  body  1 .63  x 2.01  x 1 .77  meters,  containing 
the  electronics  and  propulsion  subsystems,  and  a truss-type 
tower  holding  the  antennu.  The  tower  extends  from  the 
earth-facing  surface  of  the  body.  The  spacecraft  (Fig.  2)  is 
oriented  in  space  with  the  2.0 1 x 1 .77  m tide  facing  north  and 
south.  The  solar  arrays  extend  from  this  surface  approxi- 
mately 7.8  m each  side  of  the  spacecraft.  The  antennu  are 
oriented  with  the  large  4 and  6 GHz  reHeaors  on  the  eut  and 
west  sides. 
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Fig.  2 Spacecraft  configuration. 


The  toul  spacecraft  power  requirements  for  synchronous 
orbit  conditions  are  presented  in  Table  1 . The  resulting  power 
margin  is  125.95  W at  end  of  life  (EOL)  autumnal  equinox 
and  172  68  W at  end  of  life  (EOL)  summer  solstice. 

The  toul  spacecraft  mau  is  summarized  in  Table  2.  which 
indicates  a toul  spacecraft  mus  margin  of  24  kg.  The  fuel 
budget  summanzed  in  Table  3 illustrates  all  the  individual 
componenu  which  comprise  the  toul  fuel  budget  for  the 
INTELSAT  V miuion. 

INTELSAT  V is  designed  for  launch  by  either  the  Atlas-  • 
Cenuur  or  Space  Transport  System  (STS)  launch  vehicles. 
Studies  are  in  progreu  to  determine  what  design  changes  are 
required  to  permit  launch  on  the  Anane  Launch  Vehicle. 
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Table  1 INTELSAT  V power  iunt<nary 
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Table  2 INTELSAT  V summary 
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Table  3 INTELSAT  V fuel  budget 
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Communicationi  Subsystem 

The  communications  subsystem  described  below  provides 
an  rf  bandwidth  capability  of  2137  MHz,  which  is  three 
times  that  of  iu  predecessor.  INTELSAT  IV-A.  It  accom- 
plishes this  by  means  of  extensive  frequency  reuse  of  4 and 
6 GHz.  accomplished  with  both  spatial  and  polarization  iso- 
lation, and  by  introduang  ll/U  GHz  operation  into  the 
INTELSAT  frequency  plan.  The  frequency  reuse  scheme  is 
accomplished  by  a multiplicity  of  antenna  coverages,  which 
allows  the  spacecraft  to  transmit  right  (hemi)  and  left  (zone) 
circularly  polanzed  signals  at  4 GHz  to  many  east  and  west 
locations  at  the  same  frequenaes.  This  provides  a 4.1  fre- 
quency reuse  factor  for  these  locations. 

The  antenna  coverages  are  shown  in  Fip.  3.  4,  and  5.  and 
a summary  of  spacecraft  communications  capabilities  may 
be  found  io  Table  4. 

A switching  network  interconnects  the  various  coverage 
areas  and  allocates  channels  between  hcmi,  zone,  and  global 
coverages. 


Fig.  4 INTELSAT  V Indian  Ocean  coverages. 


Fig.  5 INTELSAT  V PadHc  Ocean  coverages. 


The  extremely  complex  and  extensive  antenna  and  multi*  Figure  6 is  a simpliHed  block  diagram  that  illustrates 

plexing  hardware  required  to  provide  the  required  coverage  signal  How,  redundancy  implementation,  and  channelization, 

rely  heavily  on  the  use  of  graphite-nbcr*reinforced  plastic  Twenty*seven  independent  transponder  channels  are  pro- 

(GFRP)  for  antenna  feeds,  antenna  tower  structure,  wave*  vided.  of  which  24  are  at  least  72  MHz  wide.  Figure  7 illus- 

guide,  contiguous  output  multiplexers,  and  input  channel  Til*  tratea  the  transmit  frequency  plan,  including  channelization 

ters.  and  frequency  reuse. 


Fig.  6 Cofflmumcauons  subsystem  simplified  block  diagram. 
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Table  4 Communications  performance 
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Fi|.  7 INTELSAT  V irinsmic  frequency  pl*n. 


The  hemi/zone  tnnsmit  and  rece/ve  g/uennss  consist  of 
large,  offset-fed  parabolic  reflectors  (2  44  m and  1.54  m) 
illuminated  by  clusters  of  square  feed  horns  (feed  elements) 
The  feed  elements  are  excited  with  proper  amplitude  and 
phase  through  power  division/ phasing  networks  to  produce 
the  shaped  hemispherical  and  zone  beams.  Both  the  hemi- 
spherical coverage  and  the  zone  coverage  beams  are  gener- 
ated simultaneously  employing  opposite  senses  (right-hand 
and  left-hand)  of  circular  polarization  with  low  ellipticity 
ratio  Each  antenna  geometry  (reflector  size,  focal  length | is 
cboKn  to  produce  appropriately  shaped  beams  with  a sharp 
edge  rolloff,  low  sidelobcs.  and  good  isolation  between  the 
coverage  regions. 


The  east  and  west  hemi  beams  are  shaped  to  accommo- 
date the  appropriate  ground  station  locations  in  the  east  and 
west  hemisphera,  respeaively,  as  seen  from  all  specified 
utcllite  locations  in  all  oceans.  A single  east  hemi  pattern 
and  a tingle  west  hemi  pattern  utisfy  all  these  requirements 
with  no  switching. 

The  required  zone  coverages  are  also  specified  by  desig- 
nated ground  sution  locations.  In  this  case,  the  di^erence 
between  the  Atlantic.  Pacific,  and  Indian  Ocean  distributions 
is  so  great  that  two  pairs  of  beams  arc  required:  one  {Mir  (east 
and  west)  for  Atlantic  and  Pacific  coverage,  and  a second 
pair  for  Indian  Ocean  coverage.  Four  coaxial  switches  (east 
and  west  transmit,  east  and  west  receive)  reconfigure  the 
antenna  feeds  for  the  two  locations. 

The  hemi/zone  antenna  feed  consists  of  a closely  packed 
array  of  88  square  waveguide  feedhorns  attached  to  multiple 
layer,  air-supported  stnpline  power  division /phasing  net- 
works. The  east  and  west  hemispherical  beams  arc  formed  by 
a fixed  number  of  feed  elemenu.  each  element  being  excited 
through  one  of  the  two  excitation  {xiru.  The  antenna  zone 
beams  are  similarly  formed  by  clusters  of  elements:  however, 
the  zone  clusters  utilize  oppositely  polarized  excitation  ports. 
Furthermore,  each  zone  beam  utilizes  several  common  feed 
elemenu  and  several  other  elemenu  that  arc  selected  by 
ground  command  to  provide  differently  shaped  Atlantic/Pa- 
cific or  Indian  Ocean  zone  beams. 

The  feed  array  elements  are  made  up  of  three  basic  {MrU: 
( 1 ) stepped  apenure,  which  provides  matched  transition  be- 
tween square  waveguide  and  the  radiating  gpenure:  (2)  sc{>- 
tum  polarizer,  which  converu  linear  signals  from  each  exciu- 
tion  port  into  circularly  polarized  signals;  and  (3)  coaxial-to- 
waveguidc  adapter,  which  provides  a convenient  method  of 
transitioning  between  a recungular  waveguide  and  the  ptreer 
division /phasing  network.  The  elemenu  arc  designed  to  sur- 
vive the  space  environment,  launch,  and  handling  during 
manufactunng  and  assembly  The  elemenu  are  construaed 
from  gra{ihi!e-reinforced-plastic  (GFRP)  material  in  order 
10  minimize  antenna  weight  and  maintai>  -Itmensional  stabil- 
ity over  a wide  tem(>eraiure  range  The  inside  of  each  element 
is  lined  with  a thin  copper  layer  to  schieve  good  electneal 
conductivity 


An  extremely  imporunt  pert  of  the  hemi/zone  antenne 
design  is  the  poltrizatiofl  purity  required  to  achieve  the  nec- 
essary hemi-to-zone  illation.  The  axial  ratio  required  for 
achieving  a carrier  to  interference  ratio  of  27  dB  at  the  worst 
location  in  a bam  is  of  the  order  of  0.5  dB.  Extensive  devel- 
opment wti  required  to  achieve  polarization  purttia  of  this 
order  from  a closely  packed  array  of  elements. 

The  I///4  GHz  spot  team  antennas  are  designed  to  pro- 
vide communications  coverage  to  high  trafTic  areas,  using 
narrow  beams  that  can  be  steered  by  command  from  the 
ground.  The  antennas  provide  essentially  consunt  beam- 
widths  at  the  downlink  (transmit)  frequencies  of  10.95  to 
11.70  GHz  and  at  the  uplink  (receive)  frequencies  of  14.0  to 
14.5  GHz.  The  transmit  and  receive  beams  are  linearly  or- 
thogonally polarized. 

Each  spot  beam  antenna  consisu  of  a nominal  1 -meter- 
diameter  offset-fed  refl^or  illuminated  by  a conical  oomi- 
gated  feedhom.  The  reflector  is  nnounted  on  a support  struc- 
ture through  a two-axis  gimbal  to  enable  reflector  pivoting 
in  two  orthogonal  planes.  Two  linear  actuators  are  used  to 
pivot  the  reflector  and  thus  obtain  beam  scanning  without 
moving  the  feed. 

The  antenna  positioner  equipment  consisu  of  east  and 
west  spot  beam  antenna  positioner  mechanisms  (APM).  an 
earth  coverage  antenna  posiii  <ner  mechanism,  and  an  anten- 
na positioner  electronics  (APE).  The  electronics  is  a dual 
redundant  unit  with  each  channel  being  capable  of  driving 
any  of  the  five  steerable  axes  (ic,  two  orthogonal  axes  for 
each  of  the  east  and  west  spot  APM  and  one  axis  for  the  earth 
coverage  APM).  For  the  east  and  west  spot  beam  APM.  the 
steering  axes  are  routed  45*  from  the  spacecraft  X and  Y 
axes. 

Positioning  of  any  axis  is  accomplished  by  selecting  the 
desired  axis,  selecting  the  direction  of  stepping,  and  generat- 
ing a senes  of  250  ms  pulses  with  a 50%  duty  cycle  on  the 
APM  step  command.  The  selected  actuator  will  then  advance 
one  step  per  pulse  in  the  desired  direction.  Telemetry  pro- 
vided by  the  APE  is  status  information  plus  the  indicated 
position  of  the  five  axes.  This  position  is  submultiplexed  in 
the  APE.  and  the  five  positions  plus  reference  are  repeated 
in  telemetry  once  every  4 seconds 

Each  spot  beam  reflector  is  a honeycomb  sandwich  using 
GFRP  faceskins  and  aluminum  honeycomb  core.  The  west 
spot  reflector  is  parabolic  in  both  the  vertical  and  horizontal 
planes  to  produce  circular  (16*  diameter)  antenna  beams. 
The  east  spot  reflector  is  parabolic  in  the  vertical  plane  but 
distorted  (shaped)  in  the  horizontal  plane  to  produce  ellipti- 
cal ( I 8*  by  3.2*)  transmit  and  receive  beams  with  the  minor 
axis  inclin^  22.9*  clockwise  from  true  north,  as  seen  from 
t)w  satellite 

The  two  earth  coverage  antennas  (4  GHz  transmit  and  6 
GHz  receive)  are  circularl;  polarized  conical  horns  The  bas- 
ic design  for  the  two  antennas  is  identical  except  that  the 
higher  pin  transmit  antenna  is  designed  to  cover  a 1 8*  field 
of  view  while  the  receive  antenna  covers  a 27*  field  of  view 
11k  transmit  antenna  is  mounted  on  a sin.ie-axis  gimbal. 
which  enables  the  antenna  beam  to  be  steered  up  to  Sc2.Q* 
in  pitch  to  repotiliofl  the  beam  toward  the  eanh's  center 
whenever  the  spacecraft  is  pitched  in  the  ea^t-west  direction. 
This  provides  a global  effective  isotropic  radiatte  power 
(EIRP)  that  IS  more  than  1.5  dB  greater  than  that  provided 


by  previous  INTELSAT  spacecraft.  The  wider  beam  raoeive 
antenna  is  fixed  on  tba  ipaoacraft. 

Reoavtn  arc  implemented  with  all-solid-sute  oompo- 
nenu  and  uae  microwave  integrated  circuit  technology.  The 
6 GHz  receiver  begins  with  a four-iuge  bipolar  ampHfler  at 
6 GHz,  followed  by  a low-loss  balanced  mixer.  The  14  GHz 
receiver  em^yt  a single-ctage  14  GHz  tunnel  diode  am- 
pilfier,  followed  by  i low-loti  balanced  mixer.  In  both  cases, 
the  mixer  is  followed  by  a transistor  amplifier.  The  number 
of  stages  in  the  transistor  amplifier  differs  for  each  of  the 
global,  hemi,  zone,  and  spot  varieties  of  receivers.  All  6 GHz 
receivert  contain  an  interstage  oommandablc  ittenuation 
that  can  provide  either  nominal  or  extra  high  pin. 

The  input  multiplexer  consisu  of  even-and-odd  channel 
filters  that  are  circulator  coupled,  with  even  and  odd  sets 
hybrid  coupled.  Each  filter  is  followed  by  an  isolator,  a group 
delay  equalizer,  and  a commandable  switched  attenuator. 
Some  channels  also  include  an  amplitude  (tilt)  equalizer. 

The  heart  of  each  multiplexer  channel  is  an  eight-pole, 
preudo  elliptic  function  filter  made  of  GFRP.  It  provides  the 
required  out-of-band  rejection  and  inband  amplitude  respon- 
K.  Each  filter  is  assembled  from  prefabricate  pieces,  each 
of  which  cwuisu  of  halves  of  two  cylindrical  cavities  and  an 
iris  plate.  These  uniu  are  assembled  with  meullic  slip  joinu 
located  at  low  current  density  poinu.  and  bonded. 

The  INTELSAT  V 4 GHz  TWTA’$  arc  nea-ly  identical 
to  INTELSAT  IV  and  IV-A  TWT  designs  in  terms  of  vac- 
uum envelope  dcsip.  cathode  loading  and  gun  geometry, 
degree  of  overvoltage,  and  general  sireu  levels.  One  differ- 
ence from  earlier  configurations  is  the  inclusion  of  an  ampli- 
tude (slope)  equalizer  on  the  input  to  each  tube  to  insure 
meeting  tltc  allocated  0.2  dB  pcak-to-peak  variation  over 
each  channel.  This  was  required  because,  unlike  previous 
INTELSAT  spcecraft,  a given  tube  may  be  driven  from 
several  different  sources,  and  it  is  therefore  not  pouibic  to 
perform  a unique  end-to-end  equalization  of  a channel.  Also, 
most  INTELSAT  V channels  are  at  least  twice  as  wide  as  are 
those  of  previous  spececraft  in  the  series,  but  the  same  1 dB 
peak-to-peak  passband  flatness  requirement  has  been  impo- 
sed. 

The  electronic  power  conditioner  (EPC)  for  both  4 GHz 
TWTA’s  differs  from  those  of  previous  INTELSAT  space- 
craft in  that  it  employs  a switching  regulator  to  accommodate 
the  unregulated  26.5  to  42.5  volt  bus  with  uniformly  high 
efficiency.  The  heater  supply  voltage  u dc  to  minimize  spuri- 
ous modulation  of  the  beam  by  EPC  switching  transier.u. 

The  U GHz  TWTA  represenu  several  firsts  for  an  IN- 
TELSAT spacecraft:  the  first  1 1 GHz  TWTA.  the  first  dual- 
cdlector  TWT,  and  the  first  impregnated  cathode. 

The  tube  is  evolved  from  a 20  W design  developed  for 
anothei  program.  Modifications  for  INTELSAT  V included 
a slightly  smaller  catliodc.  lower  electrode  voltages,  and  a 
lower  cathode  temperature  to  insure  extremely  long  cathode 
life. 

In  addition  to  displaying  the  cfTcient  regulation  against 
bus  volugc  variation  deacribed  above,  the  It  GHz  TWTA 
EPC  includes  a cathode  current  regulator  that  varies  anode 
voltage  to  hold  the  cathode  current  consunt  should  variations 
in  cathode  emission  occur  during  iIk  life  of  the  tube. 
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A dual'Collector  TWT  has  the  characteristic  that  the  par- 
titioning of  the  beam  current  between  the  two  collectors  is  a 
function  of  the  drive  level  into  the  tube.  Operation  of  such  a 
tube  with  large  dynamic  swings  in  drive  level,  such  as  impo- 
sed by  time  division  multiple  access  (TDMA)  traffic,  places 
extreme  demands  on  the  collector  power  supplies.  Extensive 
measures  are  taken  in  the  EPC  to  provide  adequate  energy 
storage  and  electronic  filtering  for  TDMA  operation. 

The  heater  supply  voltage  is  ac  to  avoid  elearolysis  effects 
known  to  occur  in  the  heater  potting  material  at  the  operating 
te.nperature  required  for  impregnated  cathodes.  A spurious 
cancellation  circuit  suppresses  the  heater-coupled  EPC 
switching  transients,  which  would  otherwise  modulate  the 
beam. 

The  4 GHz  output  multiplexers  are  an  advanced  contigu- 
ous design:  that  is,  niters  for  adjacent  channels  are  collocated 
on  a common  waveguide  manifold.  Consequently  single 
transmit  antennas  are  used  rather  than  duplicate  odd  and 
even  antennas.  The  design  of  the  output  multiplexer  places 
the  3 dB  rejection  points  of  each  of  the  contiguous  band 
channel  filters  halfway  between  adjacent  channels.  The  fil- 
ters are  each  of  the  singly  terminated  design.  This  design 
ukes  advanuge  of  a much  higher  skirt  selectivity  than  is 
possible  for  lower  ripple,  doubly  terminated  designs. 

The  filter  in  each  of  the  multiplexer  channels  is  a six-pole, 
dual-mode  quasi-elliptic  design  with  two  extra  couplings:  one 
between  the  first  and  fourth  resonators  and  the  other  between 
the  third  and  sixth  resonators.  This  design  was  developed  first 
and  then  used  as  the  basis  for  the  element  design  values  in 


The  complete  multiplexer  design  requires  the  use  of  addi- 
tional reactive  cavities  on  the  manifold  to  provide  appropriate 
adjacent-channel  reactances  for  those  filters  that  carry  the 
highest  and  lowest  channels  being  multiplexed. 

Controls  Subsystem 

The  controls  subsystem  imsvida  active  subilization  for 
the  spacecraft  to  keep  the  antenna  beams  fixed  on  earth 
throughout  the  mission.  Fig.  8 is  a simplified  block  diagram 
of  the  controls  subsystem.  In  transfer  orbit,  the  pacecraft  is 
spin  stabilized  by  means  of  active  nuution  control  electron- 
ics, which  fires  hydrazine  thrusters.  Attitude  determination 
is  derived  from  earth  sensor  and  sun  senscr  data,  which  is 
processed  by  the  attitude  determination  and  control  electron- 
ics (ADCE). 

For  rate  damping  and  acquisition,  the  spacecraft  is  despun 
and  rate  damping  is  performed  about  all  three  axes  to  less 
than  0.5*/s.  Acquisition  is  commanded  in  which  the  space- 
craft performs  a series  of  automatic  maneuvers  to  point  the 
roll  axis  at  the  sun  and  to  route  the  spacecraft  at  O.S*/s 
about  the  roll  axis.  The  solar  arrays  and  reflectors  are  de- 
ployed, and  the  solar  array  drive  is  required  to  slew  both 
arrays  90*  to  orienute  the  arrays  normal  to  the  sun  line.  Six 
hours  kfter  sun  acquisition,  the  ADCS  performs  earth  and 
yaw  acquisition  and  the  spacecraft  is  finally  pointed  at  the 
earth  centroid.  The  solar  array  drive  is  enabled  for  normal 
sun  tracking  at  1 5®/h.  The  momentum  wheel  is  then  spun  up 
in  preparation  for  transition  from  sutionkeeping  to  normal 
on-orbit  control. 

The  normal  mode  control  logic  will  autcmatically  esub- 
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Fig.  8 Controls  subsystem  block  diagram 


iish  autonomous  pitch  control  vi»  (he  geosutionary  orbit  in- 
frared sensor  (GEO-IRS)  and  the  flywheel  and  establish 
autonomous  roll/yaw  momentum  bias  control  using  GEO- 
IRS  roll  error  signals  to  constrain  the  spacecraft  motion  to 
a small  angle  limit  cycle.  Small  offsets  arc  implemented  by 
introducing  bias  commands  into  GEO-IRS  output  in  roll  and 
pitch  exes.  Due  to  external  disturbance  torques,  the  flywheel 
will  accumulate  angular  momentum  that  finally  results  in 
increased  or  decreased  wheel  speed  until  a saturation  limit  is 
reached.  At  this  point  a wheel  unload  pulse  is  automatically 
generated,  removing  the  wheel  from  saturation. 

The  stMtionkeeping  mode  occurs  during  corrections  for 
north-south  or  east-west  statif>«keep;"»  These  corrections 
are  implemented  by  firing  ’.hn.'  ters  in  ..  ;irs.  «hus  inducing 
disturbance  torques  due  to  thrust  imbalance  c,.id  misalign- 
ment. In  this  mode,  the  fivwheel  is  eithei  opnstional  or 
commanded  to  a preset  speed. 

Piu  roll  control  is  provit’ied  by  the  apr  roprir*  j thrusters 
in  response  to  earth  sensor  error  In  addition,  an  active 
yaw  control  loop  is  closed  around  the  fine  digital  sun  sensors 
(FDSS)  and  the  nominally  inactive  yaw  thrusters.  When  the 
electrothermal  thrusters  are  used  for  north-south  control, 
disturbance  torques  are  much  smaller  than  with  catalytic 
thrusters  because  of  lower  thrust.  Maneuver  time  will  there- 
fore increase.  In  this  case,  the  roll  and  pitch  axis  thruster 
control  systems  maint.<iin  earth  reference  pointing.  For  yaw 
control,  the  yaw  thrusters  are  used  in  the  same  direction  as 
the  electrothermal  thrusters.  In  the  backup  scheme,  a pair  of 
catalytic  thrusters  providing  the  spacecraft  velocity  incre- 
ment will  be  automatically  inverse-modulated  to  provide  the 
control  torque  about  the  corresponding  axis. 

When  the  pitch  thrusters  are  used  for  east-west  station- 
keeping.  they  provide  the  spacecraft  velocity  increment  and 
are  off-modulated  to  control  pitch  torques.  The  roll  and  yaw 
thrusters  maintain  the  earth  reference  pointing  during  the 
enure  maneuver.  For  the  single  catalyric  thruster  operation 
during  east-west  stationkeeping,  the  pitch,  roll,  and  yaw 
thruster  control  system  maintains  earth  reference  pointing. 

The  INTELS.AT  V automatic  nutation  control  (.'kNC) 
utilizes  nutation  sensor  signals  and  electronic  signal  condi- 
tioning to  provide  thruster  firing  pulses  for  active  control  of 
satellite  nutation  during  the  spinning  phase  of  transfer  and 
drift  c.bii.  The  .ANC  is  designed  to  operate  in  two  different 
modes:  large  nutation  angle  and  end-game.  The  large  nuta- 
tion angle  mode  is  utilized  to  capture  large  initial  tipoff  nuta- 
tion angle,  whereas  the  end-game  mode  is  utilized  to  control 
small  nutation  angle  as  well  as  to  mini  nize  spin  axis  preci- 
sion. Mode  switching  is  automatically  elected  by  determin- 
ing the  frequency  of  thruster  firings  of  the  ANC  system 
dunng  satellite  nutation  control. 

The  ANC  consists  of  two  channelized  sets,  each  contain- 
ing a nutation  sensor,  electronics  channel,  and  axial  thruster 
Dunng  large  nutation  angle  operation,  both  sets  fire  to  effi- 
ciently reduce  nutation.  During  end-game  mode,  one  channel 
(selectable  via  ground  command)  maintains  the  nutation 
half-cone  angle  to  less  thsn  0 1*  while  the  second  channel 
(iMckup)  maintains  the  nutation  angle  to  a larger  value  3* 
as  a backup  redundancy  in  case  of  failu.'e  to  the  prime  chan- 
nel. 

The  ANC  electronics  also  provides  the  automatic  space- 


craft tpinup  function,  required  when  utilizing  the  Atlas-Cen- 
taur launch  vehicle.  The  sptnup  function  of  *2;h  channel  of 
the  ANC  electronics  is  channelized  to  the  two  spinup  thrus- 
ters. At  seperation  from  the  launch  vehicle,  the  sequencer 
commands  the  spinup  thrusters  to  fire  for  approximately  9 
minutes  and  then  automatically  enables  the  active  nutation 
control  funaion. 

The  dynamic  ^ndithns  experienced  by  the  spacecraft 
during  various  mission  phises,  the  transfer  orbit,  and  opera- 
tional orbit  attitude  dynamics  environment  must  be  consid- 
ered in  the  control  system  design.  Particular  attention  is  giv- 
en to  on-orbit  disturbance  torques. 

Among  the  conclusions  reached,  the  following  are  of  par- 
ticular significance.  The  solar  torque  modeling  does  not  ap- 
pear to  be  overly  sensitive  to  either  minor  variations  in  space- 
craft optical  properties  or  to  secondary  reflection  effects. 
The  use  of  a body-fixed  magnetic  torquer  coil  is  adequate  tc 
reduce  the  h;gh  solstice  roll  body  torques  to  manageable 
magnitude.  Among  the  thruster  perturbations,  the  most  sig- 
nificant is  the  transient  effect  caused  by  the  relocation  of  the 
propellant  mass  at  the  beginning  of  stationkecpiffg  maneu- 
vers. 

Table  5 summarizes  the  key  features  of  the  spacecraft 
solar  torque  characteristics. 

Table  5 Maximum  values  of  solar  torque  components 
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Torques  are  given  in  body-fixed  axes  roll,  pitch,  and  yaw 
as  well  as  in  an  inertial  torque  frame  that  coincides  with  the 
nominal  orientation  of  the  body  axes  at  midnight  (t  0.  orbit 
angle  0*). 

The  roll  body-fixed  torque  component  reaches  values  of 
about  1.7  * N mduring  the  solstice  periods.  A torque  of  this 
magnitude  disrupts  the  normal  operation  of  the  on-orbit  roll- 
yaw  regulator,  causing  excessive  thruster  firing  (approxi- 
mately 200/day)  and  inefficient  propellant  utilization. 

.Accordingly,  a magnetic  roll  torque  compensation  Kheme 
(using  a dipole  aligned  with  the  spacecraft  yaw  axis)  has  been 
included  in  the  baseline  design.  The  magnetic  torquer  control 
equipment  consists  of  two  magnetic  torquer  coils  and  dual 
redundant  current  control  circuits.  The  magnetic  torquer  is 
a device  used  to  generate  a spacecraft  b^y-fixed  torque 
(about  the  spacecraft  roll  axis)  This  roll  torque  is  necessary 
to  cancel  out  a solar  pressure-induced  body-fixed  torque.  The 
solar  pressure  torque  is  essentially  constant  over  a daily  peri- 
od and  varies  sinusoidally  over  a year  cycle  with  peaks  occur- 
ring at  the  two  soi.stices.  The  magnetic  torquer  utilizes  e 
constant  current  source  to  generate  a commands ble  (eight- 
state)  constant  magnetic  dipole  that  reacts  to  the  earth's 
magnetic  field  ( <100  gammas  at  synchronous  orbit  altitude) 
to  generate  the  roll  torque.  The  magnetic  torquer  is  com- 
mandablc  in  discrc.c  steps  with  a resolution  error  of  ^1  ! .4 
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A m’  to  a maximum  value  of  :fel83  A in^.  The  purpose  of 
thix  device  is  to  reduce  the  total  number  of  thruster  firinp 
and  the  average  gas  consumption.  These  functions  are  perfor- 
med in  an  open-loop  manner  by  adjusting  the  magnetic 
torque  (by  command)  to  match  the  average  roll  torque. 

With  magnetic  compensation  the  maximum  consunt 
torque  translates  into  a mission  average  of  2.19  x 10*  N m 
over  mission  life,  and  will  have  an  effect  on  pitch  wheel 
unloading  requirements.  The  periodic  terms  in  pitch  have  no 
significant  effect. 

The  overall  spacecraft  pointing  error  estimate  and  budget 
for  normal  operation  and  operation  during  stationkeeping 
maneuvers,  including  errors  associated  with  the  operation  of 
the  4 and  h GHz  communications  links,  are  the  most  signifi- 
cant for  design  purposes.  Pointing  errors  of  the  1 1 to  14  GHz 
spot  beams  wilt  be  much  smaller,  phm.arily  because  of  re- 
duced alignment  errors  and  thermal  distortions.  The  error 
sources  are  divided  into  four  categories  as  :>hown  in  Table  6. 


Telemetry.  Command,  and  Ranging  ^toyym 

The  telemet^,  command,  and  ranging  (TCAR)  subsys- 
tem  consisu  of  two  functionally  redundant  and  independent 
command  and  telemetry  channels.  The  major  elements  of  the 
TCAR  subsystem  are  shown  in  Fig.  9. 

The  command  subsystem  provides  operational  ground 
control  for  all  spacecraft  functions  through  a microwave  link 
consisting  of  two  ring-slot  antennas,  two  command  receivers, 
and  two  command  units.  A command  transmission  consisu 
of  a microwave  carrier  FM-modulated  by  a sequence  of  tone 
bursu  at  three  discrete  frequencies,  resulting  in  1,0.  and 
execute  functions.  The  command  receivers  demodulate  the 
microwave  carrier  and  transmit  the  baseband  tones  via  the 
spacecraft  wire  harness  to  the  command  unit  bit  detector. 
The  command  unit  processes  these  discrete  tones,  and  for- 
mau  and  executes  specified  discrete  pulse,  relay,  and  propor- 
tional command  tvpes.  The  command  receivers  and  com- 
mand uniu  are  fully  cross-strapped,  providing  complete  re- 
dundancy during  all  modes  of  operation. 


Table  6 Worst  case  pointing  error 
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Fig  9 Telemetry,  command,  and  ranging  block  diagram. 
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The  telemetry  subsystem  provides  two  independent  and 
redundant  data  channels  for  transmission  of  diagnostif^  data 
received  from  sensors,  transducers,  and  subsystem  stat  js. 
One  of  the  two  telemetry  uniU  processes  and  formats  all 
incoming  bilevel  digital  and  analog  telemetry  for  transmis- 
sion via  two  phase-modulated  telemetry  beacon  carriers.  The 
telemetry  unit  has  the  capability  of  operating  in  three  select- 
able modes:  PCM.  PCM  dwell,  and  FM  real  time.  The  tele- 
metry  digital  bit  strcarri  is  utilized  to  biphase  modulate  a 32 
kHz  subcarrier,  which  phase  modulates  the  telemetry  trans- 
mitter in  the  PCM  and  PCM  dwel'  mode  operation.  The  FM 
real-time  mode  is  used  for  real-time  attitude  pulses  (sun  sen- 
sor, earth  sensor,  and  command  execute)  or  nutation  sensor 
signal.  The  occurrence  of  a sensor  pulse  or  nutation  signal 
switches  the  frequency  of  the  IRIG  channel  13  subcarrier 
oscillator  (SCO)  from  its  pilot  tone  to  a frequency  depending 
on  the  sensor  pulse  or  nutation  angle.  The  SCO  output  phase 
modulates  the  telemetry  transmitter. 

The  telemetry  transmitter  has  the  capability  of  two  trans- 
mission modes:  (1)  via  the  directional  antenna  for  normal 
on-orbit  earth  coverage,  and  (2)  through  one  of  three  select- 
able TWTA’s  via  a dual  toroidal  beam  antenna  for  omni 
coverage  during  transfer  orbit.  These  outputs  are  both  avail- 
able whenever  power  is  applied  to  the  transmitter. 

Elect!  cf  I Power  Subsystem 

The  electrical  power  subsystem  (EPS)  for  the  INTEL- 
SAT V spacecraft  is  a dual-bus.  direct-ene;  gy-transfer  sys- 
tem designed  to  accommodate  a continuous  spacecraft  pri- 
mary load  of  approximately  1.3  kW  for  a 7-year  equinor 
synchronous  orbit  lifetime.  Primary  power  is  provided  by  two 
separate  sun-oriented  planar  solar  array  wings.  The  power 
output  of  each  solar  array  wing  is  regulated  by  a separate 
sequential  linear  partial  shunt  regulator.  Turing  periods  of 
insufficient  solar  array  power  for  support  of  spacecraft  loads, 
power  is  supplied  by  two  28-cell  nickel-cadmium  batteries. 
Interrelationship  of  the  major  EPS  elements  is  illustrated  in 
Fig.  10. 


The  so/ar  array  consists  of  two  single-axis  sun-oriented 
wing  assemblies.  Each  assembly  consists  of  a deployment 
mechanism,  three  rigid  panels,  and  an  orientation  mechanism 
connected  to  the  solar  array  drive  system.  The  solar  array 
drive  assembly  (SADA)  for  the  INTELSAT  V spacecraft 
consisu  of  a dual,  two-channel  solar  array  drive  electronics 
(SADE)  and  two  solar  array  drive  mechanisms  (one  for  the 
north  solar  array  and  one  for  the  south).  The  drive  provides 
for  the  support  and  positioning  of  the  arrays  about  the  space- 
craft pitch  axis  and  for  the  transfer  of  power  and  signals  from 
each  array  to  the  spacecraft  module. 

The  SADE  is  a dual  box  containing  two  redundant  sides. 
Each  of  these  sides  is  capable  of  controlling  both  channels 
(north  and  south)  of  solar  array  drives.  The  solar  array  drive 
has  a stepper  motor  with  two  independent  motor  windings  for 
redundancy. 

The  SADA  always  provides  drive  motion  at  the  rate  of  one 
step  (0.1 125*)  of  each  array  every  27  seconds.  This  corres- 
ponds to  an  angular  rate  of  15*/s  for  each  array.  In  addition 
to  this  stepping  rate,  a slew  augmentation  capability  is  pro- 
vided to  sp^  up  the  operation  of  each  or  both  the  north  and 
south  arrays  at  a slew  rate  consistent  with  dynamic  con- 
straints. The  direction  and  number  of  slew  steps  are  com- 
mandable  from  the  ground. 

The  total  panel  area  of  18.12  m*  is  covered  with  17,568 
solar  cells.  TTie  solar  array  is  electrically  interfaced  with 
sequential  shunts  to  achieve  the  necessary  bus  voltage  regula- 
tion and  is  configured  to  provide  direct  battery  charge  cur- 
rent. 

During  transfer  orbit  the  array  is  stowed  so  that  load 
support  and  battery  charging  are  accomplished  with  *wo  out- 
er panels  (one  per  wing).  The  array  is  designed  to  support 
synchronous  orbit  operation  at  end-of-life  equinox  with  an 
electrical  power  capacity  of  1354  W. 

The  bafteiy  configuration  consists  of  two  nickel-cadmium 
batteries  connected  to  the  applicable  bus  through  the  battery 


Fig.  10  E!»:tncal  power  subsystem  block  diagram. 
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iii«charge  diodes.  The  battery  charge  current  is  controlled  by 
dedicated  solar  array  sections  and  battery  charge  controllers 
in  the  power  control  unit  (PCU).  The  charge  current  is 
applied  sequentially  to  each  battery  on  a 50%  duty  cycle. 

Each  battery  assembly  consists  of  28  hermetically  sealed 
prismatic  cel's  connected  in  series.  The  nominal  discharge 
voluge  is  33.6  V with  a capacity  of  34.0  Ah. 

Open-circuit  protection  is  provided  for  the  batteries  by 
diode  bypass  networks  connected  across  each  cell.  Tempera- 
ture sensora  are  utilized  to  provide  temperature  control  in- 
puu  for  battery  heaters  throughout  the  spacecraft's  mission. 

The  power  control  elecvronics  (PCE)  consists  of  a PCU 
and  two  shunt  dissipator  assemblies.  A key  feature  of  the 
PCE  is  the  provision  of  two  independent  primary  buses.  The 
outputs  of  one  solar  array  wing  and  one  battery  are  dedicated 
to  each  bus.  with  the  capability  provided  to  parallel  connect 
or  separate  the  two  buses  by  command,  as  required.  The 
output  of  each  solar  array  wing  is  independently  regulated  to 
42  ^.5  V dc  by  use  of  a sequential  ;i.''~4r  partial  shunt 
regulator. 

The  PCE  provides  sequential  battery  charge  control  and 
individual  battery  reconditioning  capability  by  ground  com- 
mand. Single-part  failure  criticality  is  eliminated  by  use  of 
circuit  redundancy,  and  alternate  modes  of  operation  are 
selected  by  command.  All  spacecraft  electroexplosive  devices 
(EED’s)  are  controlled  by  the  PCE.  which  employs  redun- 
dant, fail-safe  circuitry  for  these  important  functions. 

Propulsion  Subsystem 

The  propulsion  subsystem  works  in  conjunction  with  the 
controls  subsystem  to  maneuver  the  satellite.  It  consists  of 
two  screen-type  surface-tension  propellant/pressurant  tanks 
that  are  manifolded  to  two  redundant  sets  of  thrusters.  Two 
22.2  N thrusters  are  used  during  transfer  drift  orbit  for  orien- 
tation. active  nutation,  and  orbit  velocity  correction.  Space- 
craA  spin/despin,  east-west  stationkeeping,  and  pitch  and 
yaw  maneuvers  are  performed  by  2.67  N thrusters.  These 
thrusters  also  serve  as  backup  to  the  0.3  N electrothermal 
thrusters,  which  are  designed  to  perform  the  north-south 
stationkeeping  function.  Roll  maneuvers  are  performed  by 
0.44  N thrusters.  Latching  isolation  valves  separate  the  tanks 
into  half  systems.  The  plumbing  is  arranged  so  that  through 
use  of  these  isolation  valves  either  tank  can  be  used  to  feed 
one  or  both  sets  of  thrusters.  A layout  of  the  subsystem  is 
shown  in  Fig.  11. 


Fig  1 1 Thruster  layout. 


For  high  reliability,  previously  space-qualified  hardware 
has  been  used  wherever  possible.  Propellant  tanks  and  elec- 
trothermal thrusters  (ETT)  were  development  items  chosen 
for  their  particular  benefiu  to  the  utellite  design. 

Two  liunium  propeUnnt  unksin  provided  for  storing  the 
hydrazine  propellant.  The  internal  propellant  management 
device  feeds  fuel  to  the  thrusters  under  zero  gravity  condi- 
tions as  well  as  one  gravity  conditions  in  all  tank  positions. 
Internal  volume  is  140,7  to  141 ,7  liters  by  design  and  allows 
loading  of  greater  than  213  kg  of  hydrazine.  Nominally  18S 
kg  fuel  is  required  for  a shuttle  launch.  The  excess  capacity 
is  designed  to  provide  margin,  growth,  and  additional  offload 
capability  to  accommodate  a variety  of  transfer  orbit,  booster 
apogee  motor  configurations. 

Expulsion  efficiency  is  predicted  to  be  99%  using  gas 
blowdown  pressurization.  Gas-free  propellant  delivery  is  pro- 
vided under  all  conditions  of  operation,  including  the  failure 
mode  operations  associated  with  recovery  from  flat'spin  at 
rates  as  low  as  30  r/min  with  volumetric  loadings  as  low  as 
55%.  The  propellant  feed  system  is  of  all-welded  construction 
to  minimize  weight  and  leakage.  The  only  mechanical  joints 
in  the  subsystem  are  the  thruster  propellant  valve  seats  and 
the  fill-and-drain  valve  seats.  High-strength  titanium  alloy  is 
used  for  the  tanks.  Ail  other  components  and  lines  are  ;uin- 
less  steel.  Diffusion  bonded  transition  joints  are  used  where 
titanium-to-stainless-steel  joints  are  required. 

EJectrothermsI  thrusters  (ETT's)  were  selected  for  IN- 
TELSAT V because  they  potentially  can  deliver  a mission 
average  specific  impulse  I^p  of  304  seconds  by  heating  hydra- 
zine propellant  to  4000*F  (2206*C)  prior  to  ejection. 

The  thruster  assembly  (Rg.  i2)  includes  a propellant 
valve,  thermal  decomposition  chamber,  vortex  heat  ex- 
changer, and  thermal  insulation.  The  thermal  decomposition 
chamber  employs  a discrete  spray  capillary  tube  injector,  a 
platinum  wire  mesh  thermal  bed,  and  redundant  chamber 
heaters.  Attached  directly  to  the  decompositon  chamber  is 
the  high  temperature  vortex  heal  exchanger  consisting  of  a 
vortex  flow  chamber,  exhaust  nozzle,  high  temperature  heat- 
er element,  and  electrical  feed-through. 

Both  components  are  fabricated  from  refractory  metals, 
and  all  mechanical  joints  are  made  by  high  temperature  braz- 
ing or  electron-beam  welding. 

The  electrothermal  thruster  heater  control  electronics 
(HCE)  switches  the  power  to  the  electrothermal  thruster 
heaters,  and  includes  interlock  logic  to  insure  that  the  control 
signals  are  applied  in  the  correct  sequence.  Each  thruster  can 
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Fig.  13  Weight  saving  vs  ETT  performance. 
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Fig.  14  Synchronous  orbit  thermal  control. 


11 


oRi’jatv'^  I .<  - 

OF  POOR  Q * 


The  cast  and  west  panels,  antenna  deck,  and  aft  surfaces 
are  covered  with  multilayer  insulation  to  minimize  the  effect 
of  solar  heating  on  equipment  temperature  control  during  a 
diurnal  cycle.  Thermal  control  of  the  tower  supporting  the 
various  antenna  reflectors  and  horns  is  achieved  by  the  use 
of  a three-layer  thermal  shield  around  the  tower.  Thermal 
control  of  the  antenna  reflectors,  positioners,  feed  assemblies, 
and  horns  is  achieved  by  the  use  of  thermal  coatings,  insula- 
tion, and  aperture  covers,  as  necessary. 

The  thermal  control  concept  indicating  heat  transfer  paths 
IS  illustrated  in  Fig.  14. 

Redundant  heater  elements  are  used  to  augment  the  passi- 
ve thermal  control  design  to  achieve  increased  reliability, 
performance  margin,  and  component  life.  Heater  elements 
are  employed  to  maintain  temperatures  above  minimum  al- 
lowable levels  on  the  propellant  unks,  lines,  valves,  apogee 
motor,  and  batteries.  The  thermal  control  subsystem  is  de- 
signed to  maintain  equipment  temperature  levels  that  will 
ensure  satisfactory  performance  throughout  a 7-year  mission 
life. 

Structural  Configuration 

The  three  main  elements  of  the  spacecraft  (Fig.  15)  are 
the  antenna  module,  communications  module,  and  support 
subsystem  module.  The  latter  two  modules  form  the  main 
body.  Each  of  these  modules  is  manufactured  separately. 


AHTtl 


The  antenna  moduie  layout  was  selected  to  produce  clear 
fields  of  view  for  communications  and  »o  produce  as  nearly 
as  possible  a static  ma.,s  balance.  The  large  4 GHz  reflector 
hinge  position  has  been  selected  to  provide  approsimately  50 
mm  clearance  to  the  Centaur  launch  vehicle  fairing  and  the 
4 GHz  feedbox.  The  6 GHz  reflector  is  positioned  to  mini- 
mize beam  blockage  by  the  tower  and  to  provide  a small 
offset  of  the  axis  center  of  mass.  The  east  and  west  spot  beam 
reflectors  arc  lor^-.ed  so  that  the  rf  beam  clears  the  tower- 
mounted  components  while  the  height  above  the  antenna 
deck  is  as  low  as  possible  in  order  to  minimize  solar  array 
shadowing.  The  cast  spot  beam  reflector  is  positioned  such 
that  no  deployment  is  required.  The  remaining  antenras  and 
associated  equipment  are  n'ountcd  on  the  tower  to  provide  a 
clear  rf  field  of  view  for  each  antenna  without  obstructing 
other  antennas. 

The  oom mu nict lions  module  is  arranged  to  provide  the 
shortest  possible  microwave  interconnection  per  channel.  The 


nnodule  consisu  of  the  north  and  south  equipment  panels  and 
the  antenna  deck.  These  fwnels  are  arranged  in  a C-shape 
and  are  interconnected  with  two  vertical  webs  dividing  the 
north  and  south  into  two  sections  each.  The  two  vertical  webs 
serve  multiple  functions:  (1 ) structural  load  path  for  support 
of  the  panels.  (2)  atuchment  of  the  solar  array  drive,  and  (3) 
area  for  mounting  the  communications  transponder  equip- 
ment. The  five  major  equipment  grtwpings  of  the  transpon- 
der mounted  here  are  the  receivers,  input  filters,  switch  ma- 
trices. traveling  wave  tube  amplifiers  (TWTA’s),  and  output 
filters.  The  receivers  are  located  on  the  antenna  deck  to  pro- 
vide isolation  from  the  TWTA  temperature  extremes.  The 
hemi  and  global  TWTA’s  are  located  on  the  south  panel 
while  the  zone  and  spot  TWTA’s  are  located  on  the  north 
panel;  both  locations  are  selected  for  thermal  reasons.  The 
input  multiplexers  are  located  as  close  as  possible  to  the 
receivers  and  switch  matrices  to  minimize  path  losses.  The 
output  multiplexers  are  located  as  close  as  possible  to  the 
traveling  wave  tubes  to  maximize  toul  output  power. 

The  support  subsystem  module  consists  of  the  structural 
cylinder,  a horizontal  deck  called  the  attitude  control  suDsys- 
tem  (ACS)  deck,  and  north  and  south  equipment  panels.  The 
support  subsystem  module  conuins  the  apogee  motor,  the 
hydrazine  propulsion  system,  and  most  of  the  support  subsys- 
tem electronics.  Momentum  wheels  are  also  mounted  in  this 
module.  The  location  of  the  thrusters  in  two  clusters  of  eight 
each  on  the  east  and  west  sides  faciliutes  the  modular  con- 
cept. The  roll  thrusters,  two  each  located  on  the  north  and 
south  panels,  are  mounted  6*  west  of  the  anti-earth  vector 
about  the  pitch  axis  to  provide  yaw  coupling.  The  apogee 
motor  is  insulled  through  the  aft  conical  opening  in  the 
thrust  tube,  and  is  mounted  to  an  aluminum  ring.  The  mo- 
mentum wheels  are  mounted  to  brackets  from  the  central 
cylinder.  The  mounting  bracket  minimizes  interaction  with 
the  equipment  panels. 

Spacecraft  Operations 

The  INTELSAT  V spacecraft  mission  sequence  for  the 
Atlas-Centaur  launch  is  schematically  shown  in  Fig.  16  and 
discussed  below.  There  are  four  distinct  orbit  phases.  (1) 
launch  and  ascent.  (2)  transfer  orbit.  (3)  drift  orbit,  and  (4) 
final  equatorial  synchronous  orbit. 

Launch  may  occur  within  a period  of  more  than  30  mi- 
nutes each  day  as  defined  by  the  launch  window.  The  mini- 
mum launch  time  ax  well  as  severest  spacecraft  mission  will 
occur  for  equinox  launches  due  to  eclipse  conditions  during 
drift  and  final  orbit. 

Upon  launch  vehicle  command,  spacecraft  separation  will 
occur  without  ground  station  coverage  2 minutes  after  trans- 
fer orbit  injection;  this  is  followed,  after  2 seconds,  by  spin- 
ning thruster  firing.  Booster  attitude,  separation  mechanism, 
and  spinup  thruster  pointing  errors  are  designed  to  mainuin 
spin  on  yaw  axis  attitude  parallel  to  orbit  normal  within  8 to 
14*.  .'nd  angular  velocity  40  ±5  r/min  corrected  to  iit.5 
r/min. 

Ground  station  coverage  commences  30  to  60  minutes 
after  injection  and  is  continuous  except  for  one  2-hour  peri- 
gee ouuge. 

A reorientation  maneuver  to  apogee  motor  fire  attitude  is 
performed  using  5 lb  axial  thrusters.  These  same  thrusters 
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Fig.  1 6 Allas-Ceniaur  mission  sequence. 


are  aulomaiically  triggered  by  the  active  nutation  damping 
systems  when  a 0.1*  nutation  amplitude  is  detected.  Nuu- 
tion  pulses  are  fired  in  balanced  two-pulse  groups  to  avoid 
random  attitude  perturbations.  Tracking  and  attitude  data 
accuracies  are  sufficient  to  allow  apogee  motor  firing  attitude 
pointing  to  0.5“  half  cone  angle  3 a. 

An  apogee  motor  firing  velocity  vector  diagram  is  shown 
in  Fig.  17,  Nominal  velocities  are  given  for  both  the  Atlas- 
Centaur  and  Shuttle  launches.  The  hydrazine  fuel  budget 
and  tank  capacity  have  been  sized  to  allow  velocity  augmen- 
tation cf  the  apogee  motor  if  appropriate.  This  results  in  a 
nominal  drift  orbit  perigee  1400  km  below  synchronous  and 
allows  launch  vehicle  and  apogee  motor  pointing  error  cor- 
rections to  be  accomplished  with  the  same  fuel  used  to  raise 
drift  orbit  perigee. 

For  maintaining  full  TC  A R coverage  throughout  the  drift 
orbit,  a spin  axis  reorientation  to  -70*  declination  and  back 
to  drift  orbit  correction  attitude  can  be  performed  at  the 
option  of  ground  control.  These  wilt  be  scheduled  as  close  to 


Fig.  17  Apogee  motor  firing  velocity  vector  diagram. 


the  apogee  motor  firing  point  as  possible,  so  that  the  reorien- 
tation impulse  will  impart  orbit  velocity  in  the  direction  re- 
quired. To  correct  apogee  motor  dispersion  errors  and  launch 
vehicle  inclination  errors  and  raise  drift  orbit  perigee,  both 
5 lb  thrusters  will  be  fired  placing  the  spacecraft  in  a nearly 
circular  synchronous  orbit. 
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Abstract 

The  Japanese  Medium-scale  Broadcasting  Satellite 
for  Experimental  Purpose  (BSE)  will  be  launched  in 
February  1978  fro.  ETR,  U.S.A.,  using  a Delta  2914 
launch  vehicle,  and  located  at  110*£  in  a synchro- 
nous orbit.  The  BSE  is  a three-axis  stabilized 
spacecraft  having  sun-oriented  solar  array  for  high 
power  generation  and  14  GHz/12  GHz  direct  conver- 
sion mission  transponders  capable  of  two  channels 
color  TV  relay  broadcasting.  On  the  orbit,  various 
experiments  of  TV  broadcasting,  K-band  radio  wave 
propagation  and  spacecraft  control  will  be  conduc- 
ted. This  paper  will  present  the  mission  objecti- 
ves, spacecraft  and  ground  systems  configurations, 
and  Intended  experimental  items. 

I.  Introduction 

In  Japan,  more  than  6000  terrestrial  TV  broad- 
casting stations  are  In  operation  at  present  time 
using  either  VHF  or  UHF  bands.  However,  70t  of 
these  stations  are  so  called  "small  power  stations" 
which  re-broadcast  TV  signals  by  receiving  waves  of 
the  regular  "Plan  stations".  In  most  cases,  their 
broadcasting  soureces  are  3 to  4 times  relayed 
signals,  and  their  servicing  TV  signal  qualities 
are  not  satisfactory.  Besides,  32  of  the  popula- 
tion, in  remote  islands  or  mountain  districts,  are 
still  left  outside  of  the  general  service  area,  and 
enormous  costs  would  be  required  for  covering  these 
small  percentages  of  population  when  ordinary 
terrestrial  broadcasting  means  are  applied. 

Recently,  it  is  a severe  problem  how  to  overcome  TV 
signal  quality  degradations  in  large  cities  due  to 
massive  buildings'  shading  or  multi-path  inter- 
ference effects.  Introduction  of  TV  broadcasting 
satellite  system  is  a quite  effective  solution  to 
these  problems. 

Reflecting  these  social  circumstances.  Ministry 
of  posts  and  Telecommunications  (MOPT)  has  initia- 
ted the  BSE  program  in  1972,  and  has  made  prelimi- 
nary designs  of  the  spacecraft.  The  BSE  is  a 
medium-scale  spacecraft  and  is  used  to  acquire 
technologies  necessary  for  establishing  future 
large-scale  operational  broadcasting  satellite 
systems  capable  of  individual  home  TV  receptions. 

In  November  1973,  results  of  the  preliminary  design 
works  were  transferred  to  National  Space  Development 
Agency  of  Japan  (NASDA)  for  further  spacecraft 
development.  Making  contracts  with  Toshiba/Gene- 
ral Electric  industry  team.  NASDA  has  completed 
the  basic  and  detailed  designs  of  the  spacecraft 
in  1975  and  is  now  developing  a proto-flight  and 
a flight  model. 

The  BSE  will  be  launched  in  February  1978  from 
Eastern  Test  Range  of  U.S.A.  by  using  a Delta  2914 
launch  vehicle,  and  located  at  110‘E  in  a station- 
ary orbit.  The  launching  and  stationing  of  the 
spacecraft  will  be  carried  out  by  NASDA  with 
support  of  .NASA,  and  after  initial  check  up  of  the 
spacecraft  performances  on  orbit,  various  mission 


experiments  will  be  conducted  by  Radio  Research 
Laboratories  (RRL)  of  MOPT  for  three  years  of  the 
spacecraft  design  life,  with  close  cooperation  of 
Japan  Broadcasting  Corporation  (NHK) . The  BSE  is 
a three-axis  stabilized  spacecraft  weighing  about 
330  Kg  in  orbit,  and  has  large  extended  solar  array 
panels  generating  high  power  of  about  1 kilowatts 
and  14  GHz/12  GHz  direct  conversion  type  transpon- 
ders with  100  watt  TUT  amplifiers  for  two  channels 
color  TV  broadcasting.  The  12  GHz  broadcasting 
waves  are  radiated  from  the  shaped  beam  parabolic 
antenna  to  cover  whole  Japan  territory  efficiently. 
It  is  expected  to  be  able  to  receive  high  quality 
color  TV  signals  throughout  Japan  mainland  with 
Simple  Receive  Equipments  (SRE)  with  1 to  1.6 
meters  dish  antenna,  and  in  its  surrounding  remote 
Islands  with  Rcctlve  Only  Stations  (ROS)  with  2.3 
to  4.5  meters  diih  antenna.  The  frequency  channel 
plan  of  the  BSF  is  as  follows; 

up-link  down-link 

channel  A 14.25-14.30  GHz  11.95-12.00  GHz 

channel  B 14.35-14.43  GHz  12.05-12.13  GHz 

Two  frequency  bands  of  S and  K are  available  for 
Tracking  Telemetry  & Command  (TTiC)  operations, 
the  S-band  is  used  at  NASDA 's  Tracking  and  Control 
Station  (TAGS),  and  the  K-band  is  used  at  RRL's 
Main  Transmit  and  Receive  Station  (MTRS). 

Major  items  of  Intended  experiment  include 
measurements  of  the  on-board  mission  equipments 
characteristics,  video  and  audio  signals  trans- 
mission characteristics,  K-band  radio  wave 
propagation  characteristics,  and  investigations 
of  the  effective  service  area.  The  experiments 
on  satellite  broadcasting  system  operations. 
Including  spacecraft  control,  access  from  multiple 
transmitting  earth  stations  and  others,  will  also 
be  conducted.  Improvement  of  reception  techniques 
of  the  broadcasting  signals  will  be  another 
important  experimental  item.  Various  kinds  of 
earth  terminals  such  as  MTRS,  Transportable 
Transmit  and  Receive  Stations  (TTRS),  ROSs  and 
SREs  will  be  distributed  throughout  Japan  for  the 
experiments. 

II.  Spacecraft 

Spacecraft  Design  Configuration 

The  BSE  system  parameters  are  shown  in  Table  1. 

The  spacecraft  is  three  axis  control  type  using 
various  attitude  sensors  and  reaction  wheels  for 
pointing  on-board  K-band  antenna  RF  beam  to  a 
specified  ground  point.  The  antenna  is  designed 
to  have  adequate  gain  over  the  Japanese  territory 
and  to  cause  minimiim  interference  over  neighboring 
countries . 

The  solar  cell  array  lu  folded  during  transfer 
orbit  and  fully  deployaii  on-orbit.  It  tracks  the 
Sun  and  provides  electrical  power  to  the  on-board 
equipment  supplemented  by  rechargeable  batteries 
during  eclipse  periods. 
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Tbbl*  1 Systen  Paramstcrs 


\ 


Sacelllta  Location 
Expcrifflantal  Covaraga 
Fraquancy  Banda 

Number  of  TV  Channala 
Flctura  Quality 
Power  Flux  Density 


System  life 
Booster 

Command  and  Control 


110*  East  Longitude 
Japanese  Territory 
14.25-14.43  GHz  uplink 
11.95-12.13  GHz  downlink 
2 

S/N  • 45  dB  (TASO  Grade  1) 
Japan  Ma  .nlard 
(-108  dBW/m2) 

Remote  Territory 
(-117  dBW/m2) 

3 Years 

Thor-Delta  2914 
S Band  and  K Band  from 
Control  Stations  in  Japan 


In  the  transfer  orbit,  the  spacecraft  attitude 
is  spin  stabilized  and  a passive  damper  Is 
provided  to  damp  nutations.  Synchronous  orbit 
injection  Is  accomplished  by  firing  an  Apogee 
Kick  Motor  (AKM) . 

The  precession  maneuver  for  orienting  the 
spacecraft  for  AKM  burn,  despinning  the  spacecraft 
after  AIM  bum,  stationing  and  unloading  reaction 
wheels  are  provided  by  a secondary  propulsion 
system  using  monopropellant  hydrazine. 

The  spacecraft  in  the  orbital  configuration 
is  shown  in  Figure  1. 
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Fig.  1 Spacecraft  Orbital  Configuration 
Earth  sensor,  acnopulse  sensor,  and  ant:nnas  are 
mounted  on  the  earth  viewing  surface  of  the 
isolated  by  an  insulated  truss  to  minimize 
temperature  effects.  A S-band  telemetry  antenna 
is  mounted  forward  of  the  K-band  feed  horns  to 
minimize  pattern  Interference  from  any  ocher 
spacecraft  element. 

The  solar  cell  array  which  tracks  the  sun  is 
positioned  outboard  of  the  antenna  by  stand-off 
yokes.  Completely  redundant  solar  cell  array 
drives  and  power  takeoff  assemblies  are  connected 


via  a throughshaf t , 

The  equipment  module  which  is  the  main  structual 
element  supports  the  following  subsystems: 

a.  Comstunicaclons  Subsystem 

b.  Tracking,  Telemetry  and  Command  Subsystem 

c.  Attitude  Control  Subsystem 

d.  Electrical  Power  Subsystem 

e.  Structure  Subsystem 

f.  Thermal  Control  Subsystem 

g.  Secondary  Propulsion  Subsystem 

h.  Apogee  Kick  Motor 

As  shown  in  Figure  2,  modularity  and  accessibili- 
ty permitting  parallel  subsystem  assembly  and  test, 
are  emphasized  on  the  design. 

The  spacecraft  weight  distribution  and  subsystem 
power  requirement  are  shown  in  Table  2. 

The  reliability  prediction  for  subsystems  and 
thf)'  overall  spacecraft  rellabllllty  after  3 years 
are  shown  In  Table  3. 

The  key  overall  spacecraft  performance  paramet- 
ers are  presented  in  Table  4,  and  a functional 
block  diagram  of  the  spacecraft  is  shown  in  Figure 
3. 

Table  2 Spacecraft  Weight  and  Power  Summary 


Weight 

(Kg) 

Ave.  Power 
(Watts) 

Structure/Mechanical 

76.2 

- 

Thermal  Control 

21.6 

29.5 

Electrical  Power 

73.4 

11.3 

Attitude  Control 

26.6 

22.4 

Secondary  Propulsion 

47.7 

- 

Apogee  Kick  Motor 

341.0 

- 

Tracking  Telemetry  4 

Comsiand  11-6 

29.3 

Antenna 

7.0 

- 

Comnunicatlon 

62.7 

626.4 

Ballast 

2.2 

- 

Total 

670.0 

719.1 

Table  3 Reliability  Prediction 


Electrical  Power  Subsystem 

0. 

994 

Attitude  Control  Subsystem 

0. 

902 

Communication  Subsystem 

0. 

352 

Tracking  Telemetry  4 Command  Subsystem 

0. 

968 

Thermal  Control  Subsystem 

c. 

999 

Secondary  Propulsion  Subsystem 

0. 

984 

Structure  Subsystem 

0. 

999 

Apogee  Kick  Kotor  Subsystem 

0 

996 

BSE  System 

• - - ' --  — 

0. 

■’25 

Tabic*  4 Spacecraft  Performance  Parameters 


Antenna  Pointing  Accuracy 

i 0.2*  (3  ■) 

Orbit  Positioning  Accuracy 

+ o.r 

Solar  Array  Power 

970  watts  (worst  case 

BOL) 

Orbit  Life 

3 years  (expendable 

limit) 

Reliability 

0.725  (3  year  mission) 

Launen  Weight 

670.5  Kg 

Subsystems  Design  Features 

(1)  Communications  Subsystem 

The  CoBssunlcatlon  Itansponder  is  a K-band  single 
conversion  rebroadcast-transponder  with  provision 
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Fig.  3 Functlontl  Block  DUgraa 
of  the  Spacecraft 


for  frequency  conversion  of  K-band  TT&C  slgnale  to 
operate  with  S-band  TTiC  equipto'  ^t* 

Tran»ponder  block  dUgrto  1»  shovn  in  Figure  4. 

Kefering  to  cht  block  diagrm,  Che  received 
signal*  (TV  and  TTiC)  are  routed  by  Che  diplexing 
circulator  to  the  receive  multiplexer,  and 
separated.  The  TTSC  signal  Is  dovnconverted  in 
one  of  two  redundant  mixers  to  2.3  GHz,  and 
coaxially  interconnected  to  the  S-band  receiver. 

The  14  GHz  TV  signal  is  routed  to  one  ot  two 
redundant  receivers  by  the  latched  ferrite 
switches.  In  the  receiver  it  is  amplified  by 
Tunnel  Diode  Amplifier  (TDA),  and  then  downconver- 
ted  by  2.3  GHz  in  a wide  bend  mixer.  The  resultant 
12  CHi  signal  is  amplified  in  another  TDA  and 
separated  into  it*  respective  channel  (A  and  B) 
components  at  the  input  multiplexer. 

The  input  and  output  switching  assemblies 
operate  in  conjunction  to  route  the  channel  A and 
B (channelized)  sign***  through  their  respective 
primary  transmitters,  or  either  channel  through 
the  redundant  transmitter.  Within  each  transmitter 
the  respective  channel  signals  are  amplified  by  Low 


Fig.  4 Transponder  Block  Diagram 


L«vtl  m (LLTWr), 

Tha  l«v«l  control  «l«ctronlcB  aaintaina  ch« 
100-wacc  TWT  drlva  powar  at  a conacanc  laval 
Indapandant  of  racaivad  algnal  powar  coai,  ^•nt. 
galna  or  fraquancy. 

Tba  lOO-watt  TUT  output  atgnala  ara  routad 
through  tha  output  awitchlng  aaaaably  to  tha  output 
Dultlplaxar  whara  tha  algnala  ara  band  llsltad 
and  coablnad  onto  a conaon  wavagulda  oanifold  with 
tha  TT6C  tranaait  algnal.  jha  S-band  tranaalc 
algnaX  la  upconvartad  In  a paraaatrlc  upconvartar 
to  K-band.  Tha  combined  TV  and  TT&C  tranaalt 
algnala  ara  than  routad  through  the  dlplaxlng 
circulator  to  the  coaminlcatlon  antenna.  Tha 
tranaponder  performance  la  auaaarlzed  In  Table  5. 


Tranapondar  Capability 


FFD  at  Spacacraft 
Level  Control 
TWT  Drlva  Control 
Nolaa  Figure 
TWT  Output  Power 
Frequency  Response 
Responaa  Attenuation 


-82  to  -96  dBW/«2 
Automatic  over  16  dB  range 
64  levela  by  cooKand 
Leaa  than  8.S  dB 
100  watta  minimum 
tl-0  dB  In  band 
-SO  dB  below  peak  at 
50  MHz  outalde  band 


Spacecraft  K-band  antenna  la  a canter  feed 
shaped  beam  parabolic  antenna  which  has  three  feed 
home,  and  the  antenna  pattern  studiaa  have 
developed  a coverage  footprint  aa  shown  In  Figure  5. 
This  multlbeam  pattarn  provides  for  a rapid  falloff 
to  the  westward  of  Japan  and  a wider  beam  to  tha 
eastward. 


(2)  Tracklng/Telemetry  and  Command  Subsystem  (TT&C) 

The  TT&C  subsystem  block  diagram  is  shown  in 
Figure  6.  The  TT&C  subsystem  utilizes  a redundant 
S-band  receiver-transmitter  combination  and  a 
redundant  K/S  band  converter  to  accept  uplink 
conands,  send  spacecraft  telemetry  to  earth  on 
the  downlink  carrier,  and  process  a tone  modulated 
signal  for  spacecraft  ranging  Information. 

All  command  and  ranging  signals  required  during 
prelaunch,  launch  and  transfer  orbit  phases  will  be 
received  at  S-band  through  the  S-band  antenna, 
passed  through  the  dlplaxer  to  tha  S-band  receiver. 
Ranging  signal  will  be  detected  and  presented  to 
the  S-band  transmitter.  Spacecraft  data  will  be 
sampled,  encoded  and  formatted  for  presentation  to 
the  S-band  transmitter  where  It  will  be  sumed  with 
ranging  tonaa  and  transmitted  via  the  diplexer  and 
antenna. 

Table  6 sussaarlzes  the  TT&C  subsystem 
characteristics. 


Table  6 TT&C  Characteristics 


Item 

Telemetry 

ComsMnd 

Ranging 

Carrier 

S Band  & 

S Band  & 

S Band  & 

frequency 

K Band 

K Band 

K Band 

Modulation 

PCM/PSK/PM 

PCM/PSK/FM/PM 

Tone/ PM 

Bit  Rate 
Capability 

512  BPS 
»300 

Telemetry 

points 

1000  BPS 
■200  Conands 

(3)  Attitude  Control  Subsystem  (ACS) 

The  Attitude  Control  Subsystem  (ACS)  block 
diagram  Is  shown  in  Figure  7.  The  ACS  controls 
spacecraft  attltuda,  spacecraft  linear  velocity 
(with  Secondary  Propulsion  Subsystem)  and  spacecraft 


AtiMuTM  lasasfii 

Fig.  5 Ground  Coverage  Footprint 


Fig.  6 TT&C  Block  Diagram 

momentum  during  the  period  from  booster  separation 
through  on-orblt  pointing.  Including  reacqulsitlon 
as  may  be  required. 

The  spacecraft  Is  spin  stabilized  In  the 
transfer  and  Injection  modes.  On— orbit  control 
la  achieved  through  a zeromomentum,  three-axis 
stabilization  system.  A passive  earth  sensor,  a 
monopulse  sensor,  and  solar  array  mounted  sun 
sensors  are  used  to  derive  roll,  pitch  and  yaw 
error  signals.  Processing  of  the  sensor  signals 
allows  any  two  of  the  three  sensors  to  provide 
sufficient  Information  for  three-axis  control. 

when  on-statlon  In  synchronous  orbit,  the  ACS 
sensor  (omplement  Includes:  an  earth  sensor 

detecting  spacecraft  axis  pitch  and  roll  errors: 
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a aonopultc  icnaor  datcccing  roll  and  pitch  arrora 
rafarancad  to  tha  RF  baan  cantar:  and  analog  aun 

■anaora  for«  which  yaw  arror  la  axtracttd.  Monaal 
oparation  la  cha  utilization  of  tha  attltuda 
InforMtlon  fro«  any  two  of  thaaa  thraa  aanaora. 


aiCT  fA«T 
0*  ICt) 


rig.  y ACS  Block  Diagram 

(4.'  Elactrical  Power  Subayscam  (CPA) 

Tiia  Electrical  Powar  Subayatea  (EIS)  provldca 
Cha  alacrlcal  power  for  all  aodaa  of  tpacacraft 
oparation  from  launch  through  parking  and 
tranafar  orbica,  and  for  thraa  yaara  In  cha 
aynchronoua  orbit.  Tha  powar  aubayataa  utllizaa 
a aolar  array  for  powar  ganaraclon  and  battarlaa 
for  anargy  atoraga.  A aolir  array  conalata  of 
four  panala,  two  par  apcacraft  aide,  and  battarlaa 
conaiat  of  three  4-Ah  aaaled  nlckal-cadalua 
battarlaa.  The  battery  provldea  energy  for 
epacacrafc  loada  during  launch,  aacent  and 
tranafar  orbit  injection  until  the  folded  array  aa- 
aaabllca  can  be  llluaunated.  After  the  launch 
vehicle  ahroud  la  removed,  501  of  the  active 
aurfaca  of  tha  array  la  axpoaad.  The  array  la 
raatialnad  In  a folded  poaltlon  during  launch  and 
throughout  the  tranafar  orbit. 

After  injection  Into  aynchronoua  orbit  the 
array  la  ralaaead,  fully  extended  and  oriented  to 
the  aunllne.  During  tha  aunllt  portion  of  tha 
orbit,  energy  la  tranaferrad  directly  froa  tha 
aolar  array  to  cha  load,  and  during  perlode  of 
array  acllpac  the  battarlaa  arc  dlachargcd 
through  a booat  regulator  tc  provide  power 
required  for  apacecraft  loada.  Tha  EPS  perform- 
ance characteriatlca  are  ahown  In  Table  8. 


Table  8 EPS  Performance  Characterlat.LU. 


Solar  Array  Area 

9.58  Metara^ 

.llnlmum  Array  Power  - 3 Teara 

780  Watta 

Haxlmur.  Uaer  Load  - 3 Yaara 

768  Watta 

Regulation  at  EPS  Tarmlnala 

28  Volta  * 12 

Kaxlmum  Depth  of  Diacharge 

602 

(Including  2 battery  condition) 

fS)  Thermal  Control  Subayaten  (TCS) 

The  function  of  tha  Thermal  Control  Subayatam 
(TCS)  la  to  maintain  all  apacecraft  component 
tenperacure'i  .tnd  teaparature  gradlanta  within 
dealgn  llmlte  for  all  miaalona.  The  TCS  which 
haa  been  daalgned  to  achieve  thle  objective 
conalata  of  paaalve  element  auppleownted  by  haatara, 
thermoatata,  and  heat  pipea.  The  paaalve  elementa 
conaiat  of  multilayer  Ineulatlon  blanketa,  thermal 
control  coatlnga,  and  ineulatlon  atandoffa. 

The  primary  heat  rejection  aurfaca  of  tha 
apacecraft  ie  the  tranaponder  (north)  panel.  The 
energy  dlaalpatad  on  the  north  panel  tenda  to  be 
concentrated  In  diacrete  locatlona  on  the  panel 
euch  aa  below  the  TVT  bodiae.  In  order  to 
dlatrlbuta  thla  energy  uniformly  over  the  panel  and 
prevent  "heat  apota",  heat  piper  are  uaed. 

Becauaa  of  the  large  varlatiot  In  power  diaalpatlon 
on  tha  north  panel,  there  are  companaatlon  heatera 
located  on  the  panel. 

The  eouth  panel  haa  much  leaa  power  diaalpatlon 
than  the  north  panel,  and  t^ < power  diaalpatlon 
on  thla  panel  la  more  conetant  than  on  rhe  north 
panel.  Therefore,  no  heat  plpaa  are  required 
on  the  aouth  panel. 

There  are  aeveral  conponenta  which  requira 
apeclal  thermal  control;  Thane  are  tha  battarlaa, 
tha  Secondary  Propulalon  Subayatam  (SPS),  the 
earth  aenaor,  the  monopulae  aenaor,  the  RF  oven, 
tha  ARM,  and  tha  ahunt  load  panala. 

launch.  Inaartlon  and  Orbit  Stationing 

Tha  nequanen  of  major  eventa  from  launch  through 
orbit  atatlonlng  la  dnpictad  In  Figure  8. 

Tha  apacecraft  will  be  launched  froa  the  United 
Stataa  Eaatam  Teat  Range,  Florida  by  Thor-Dalta 
2916  launch  vehicle  into  95-degrae  flight  azimuth. 
The  apacecraft  will  be  injected  into  a nominal 
166.7  X 35786.2  Km.  27.20  degree  Inclination 
tranafar  orbit. 

Tha  third  apogee  la  aalnctad  for  nominal  orbit 
injection  to  allow  time  for  precalac  orbit 
datarmlnatlon  and  apacecraft  attitude  adjuatment. 
After  attltuda  atabillzatlon  to  tha  earth,  orbit 
velocity  adjuataenta  are  made  to  corract  injection 
arrora  and  to  optimize  the  drift  to  tha  final 
orbital  atation  at  110*  Eaat  Longltuda,  normally 
30  daya  after  aynchronoua  orbit  Injection. 

III.  Earth  Statlona 

The  conatltution  of  overall  BSE  erparlmantal 
ay atom  la  ahown  in  Figure  9. 

Featuraa  and  charactariatlca  of  varloua  earth 
tarmlnala  of  the  BSE  program  are  deacrlbed  here. 

Main  Tranaml'.  end  Receive  Station  (WTRS) 

KTRS  la  the  key  atation  for  tha  BSE  program 
experlmanta  and  new  under  conatructlon  at  Kaahima 
Branch  of  RRL  which  la  located  about  100  Km 
north-eaat  of  Tokyo.  KTRS  la  uaed  for  tha  16  GHz/ 

12  GHz  TV  bradcaatlng  axprlmenta  and  TT6C  operatlona 
in  the  aama  frequency  banda  during  tha  miaeion 
experiment  period.  The  overall  functional  block 
diagram  la  ahown  In  Flgura  10.  The  antenna  la  a 

13  metara  dlah  near-fleld  Caaaegralo  type  of 
At- £2  mount,  and  Inatallad  on  the  roof  of  the 
three  avcriee  main  control  building  aymmaterlcally 
with  the  K-baiid  enter.c*  for  Experimental  Communica- 
tion Satellite  Program. 

Roughneaa  of  the  sain  reflector  aurfaca  will  be 
kept  vlthi".  t 0.3  M rma,  and  four  raflaotora 


5- 


or  i 


BSE 


Fig.  9 BSE  EKp«rln«nt  Ov€r«ll 
Syacan 


in  S«T«r«i  itnt.  K Mai  it  MiRlM 

'.nrauAMwi  WL 

nil  :n»M  ;«pM 


baas  wav.iulde  faadlag  ty»tes  1»  adoptad.  Tha 

p,!Lr-  Ot  c.pU.I 

craniaUteri  and  recalvera  are  . ixad  ' " 
building  roos  ..par.t.d  fros  tha  ra.t  of  tha 


antanna  atructura.  In  Chla  configuration,  faading 
losa  reduction  and  maintenance  simplification  are 
achieved.  Tha  feature  of  tha  antanna  is  shown  in 
Figure  11.  The  antanna  is  uhola-sliy  steerable,  and 
a higher  n<ode  (TMoj,  4 TEoi)  t>’P«  auto-tracking 
function  is  facilitated.  The  tracking  accuracy 
will  be  better  than  0.01*  rme  at  -125  d^m  receiver 
input  level.  In  the  duplexing  waveguide  assembly, 
a polarliation  auto-tracking  mechanism  is  also 
et;uipped,  and  the  linear  polarization  wave  will  be 
received  with  matching  accuracy  within  t 0.1*. 

The  typical  electrical  characteristics  of  this 
antenna  system  is  as  follows: 

G/T  above  32.0  dB*k  (12  GHz,  90  El) 

Transmit  EIRP  7S.5  - 91.5  dBW  (variable) 
Fre<^uency  band  14.0  to  14.5  CKz  for  transmit 
11.7  to  12.2  GHz  for  receive 
Cain  with  feed  loss  62.0  dB  at  14.25  GHz 
61.0  db  at  11.95  GHz 

{ioise  temperature  below  65  K (12  GHz,  40  El) 
with  feed  loss 

Cross-plarizakion  expected  30  dB  (12  GHz,  linear) 
discriminat ion 

Ther*  ate  three  sets  of  14  GHz  transmitters,  two 
of  which  are  for  TV  signals  transmission  and  the 
other  one  is  for  command/rerglng  signals 
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transmission.  They  consist  of  140  MHz/14  GHz 
up-converters,  14  GHz  high  power  TWT  amplifiers  and 
a transmitter  output  switching  diplexer.  Output  ' 
powers  of  Che  TV  transmitters  can  be  set  at  any 
level  from  100  wetts  to  maximum  2 KW  by  use  of 
Che  pin  diode  attenuator  in  the  level  control 
units,  and  the  output  power  of  the  command 
transmitter  is  sec  at  fixed  level  of  200  watts. 

The  received  12  GHz  signals  both  of  T\'  and 
celemetry/ranglng  are  fed  from  the  antenna 
subsystem  and  down-converted  to  400  MHz  IF  signals 
by  low  noise  mixers  of  600°K  noise  temperature. 

The  mixers  <■  image  compresr,  type  and  their 
maximum  bandwidth  is  180  MH  . fa  down-converting 
mixers  of  the  same  type  fc  antenna  pointing 
and  polarization  angle  autu-cracklng  receivers 
are  also  installed.  In  order  to  keep  phase 
coherency  of  these  signals,  output  of  the  common 
X-tal  oscillator  is  distributed  to  each  mixer  as 
their  local  signals  after  frequency  multiplication 
and  amplification  by  a Gunn  diode  amplifier. 

The  400  MHz  IF  signals  are  again  downconverted 
CO  140  MHz  band  2nd  IF  signals  and  fed  to 
modulator /demoduracor  sections  through  IF  signal 
switching  board. 

There  are  two  wide  band  140  MHz  FM  modulation/ 
demodulation  equipments,  various  bandpass  filters, 
average  and  clamped  types  AFC  amplifiers, 
dispersal  and  emphasis  circuits  as  well  as  various 
video/audio  signals  baseband  equipments  for 
experimental  purposes.  The  TT4C  subsystem 
consisting  of  conmand  signal  generator/modulator , 
telemetry  signal  demodulator/decommutacor , ranging 
equipment,  Tosbac-40C  computing  systems  with 
various  peripheral  devices  and  others  are 
installed.  Ground  communication  networks 
connecting  this  station  and  other  organizations 
Such  as  RRL  HQ,  HASDA's  Tsukuba  Space  Center, 
t.'HK  and  other  earth  teminals  will  be  established 
bv  1977  fiscal  year. 

Other  Earth  Stations 

Transportable  Transmit  and  Receive  Stations 
(XIRS)  are  used  for  TV  signal  transmission  and 
reception  at  many  places  throughout  Japan.  They 


are  equipped  with  one  channel  TV  transmitter  of 
maximum  output  power  of  2 KW  2 TV  channels 
receiver  of  910‘’K  in  system  noise  temperature 
Including  1 dC  rainfall  attenuation  effect. 

There  are  two  kinds  of  TTRS,  type  A and  B: 
the  former  is  intended  to  be  used  in  many  places 
throughout  Japan  Including  the  surrounding  remote 
islands,  and  the  latter  is  limited  only  in  the 
mainland.  The  type  A has  a 4.5  meters  diameter 
antenna  which  is  designed  to  be  easily  transported 
and  assembled,  and  the  whole  transmitters  and 
receivers  are  housed  in  one  shelter.  It  will  be 
installed  in  any  place  on  the  ground  or  on  the  roof 
of  existing  buildings  after  transportation.  Step 
track  antenna  pointing  device  is  provided  to 
follow  the  satellite  motion.  In  the  output  high 
power  amplifier,  a newly  developed  air-cooled 
klystron  with  50  MHz  bandwidth  at  14  GHz  band  is 
used. 

Tne  type  B is  fully  mobile,  and  all  subsystem. 
Including  a power  supply  generator,  are  installed 
in  a van.  The  antenna  pointing  is  manually 
controlled.  The  antenna  whose  diameter  ranges 
from  2.5  to  3 meter,  is  mounted  on  the  rear  end 
of  the  van.  The  functions  are  almost  the  same 
as  those  of  type  A except  its  mobility.  Figure  12 
shovrs  the  feature  of  the  TTRS  Type  A. 
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Fig.  12  Feature  of  the  Transportable  Transmit 
and  Receive  Station  (TTRS  Type  A) 
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R*c«iv«-only  (ROS)  ar«  u»«d  for 

•valuation  of  :oamunity  rectptton  of  ••callit*  TV 
signals  In  the  remote  islands.  Sometimes,  ROS  will 
be  used  at  places  not  preferable  for  geographical 
or  weather  conditions.  The  diameter  of  an  antenna 
to  be  used  in  the  pmlnland  is  less  than  2.5  meter, 
and  4.5  meter  in  the  remote  islands.  The  2.5  meter 
antenna  pointing  Is  aaually  adjusted,  and  the  4.5 
meter  antenn*  has  a program  cracking  davlce.  The 
system  noise  temperature  of  these  receivers  is  less 
Chan  660*K. 

Simple  Receive  Equipments  (SRE)  have  been 
developed  by  NHK  Technical  Rasearh  Laboratories 
aiming  at  application  to  the  future  individual 
TV  satellite  system  in  K-band.  The  receiver 
features  500*K  system  noise  temperature  over  180  MHr 
of  bandwidth,  using  a simplified  down-converter  as 
well  as  a simplified  direct  FM-AM  modulation  conver- 
ter. With  this  technical  breakthrough,  low  cost, 
high  sensitive  12  CHr  receivers  suitable  for  mass 
prodi'dtlon  and  adaptable  to  the  existing  home  TV 
sets  have  been  realised.  Figure  13  shows  the 
feature  of  SER.  Link  budgets  of  typical  circuits 
in  the  BSE  system  is  shown  in  Table  9. 


Fig.  13  Feature  of  the  Si'iple  Receive 
Equipment  (SRE) 


Table  9 Link  Budget 


Up  Link  (Kashima  to  BSE) 

TX  power  (uBW/ch)  20.0 

TX  feeder  loss  (dB)  "3.5 

TX  antenna  gain  (dB)  62.0 

Free  space  loss  (dS)  -207.2 

RX  antenna  gain  (dB)  39.5 

RX  feeder  loss  (dB)  -0.5 

Noisr.  power  (dBH/25  MHz)  -122.6 

C/N  32.9 

Down  Link 

g^rvice  area  Mainland  Remote  Ils 

Antenna  of  RX  4.5md 

TX  power  (dBW/ch)  20.0  20.0 

TX  feeder  loss  (dB)  -1.7  -1.7 

TX  antenna  gain  (dB)  37.0  28.0 

Free  space  lose  (dB)  -205.8  -205,4 

RX  antenna  gain  UB)  43.5  52.5 

Received  Carrier  (dBW)  -109.7  -109.4 

Noise  power  (dBW/25  MHz)  -126.4  -126. « 

C/N  1.9.4  19.3 

Total  C/N  (dB)  19.2  19.6 

Threshold  C/N  (dB)  9.0  9.0 

Rain  attenuation  (dB)  -7.0  -7.0 

(99.991  of  any  month) 

Link  margin  (dB) 3 . 2 3.6 


S* 


1.  Experiments  on  basic  technologies  in  the 
broardcasting  satellite  system 

(1)  Evaluation  of  the  broardcasting  service  area; 
At  many  places  in  the  Japanese  territory  and  its 
circumference,  fle'd  strength  of  the  radio  wave 
from  the  BSE,  carrier  to  noise  power  ratio  (C/N), 
TV  .signs)  quality  and  their  warietlons  with  time 
will  be  measured.  Effective  servics  eree  will  be 
•valuMted  comparing  with  chat  preastimatad  from 
Che  design  data  on  .antanna  radiation  pattern, 
transponder  output  power,  attitude  scebilizaticn 
accuracy,  ets.  The  reception  of  TV  signal  will 
also  be  conducted  on  ships. 


(2)  Experiments  on  TV  transmission;  The  character- 
istics of  radio  signal  transmission  through  tha 
satellite  are  measured  in  items  of  signal  lavel 
diagram,  up-llnk  and  down-link  path  losses  and 
their  variations  with  time,  carrier  to  noise  ratio, 
signal  amplitude  and  phase  characteristics  with 
frequency,  amplitude  lineality,  frequency  stability 
and  so  forth.  Turn-around  characteristics  of 
video/sound  signals  are  also  measured  varing 
modulation  parameters. 

The  transmission  parameters  pertinent  to  the 
color  TV  broadcasting  are  as  follows. 

System  NTSC  standerd  (525  lines, 

30  frames/sec) 


Sound  subcarrier 
Frequency 
Modulation 

Modulation 

Souna/ video  ratio 
Emphasis 


4.5  MHz 

FM,  Freq.  deviation 

+25  KHz  (0-p) 
FM,  Freq.  deviation 

12  MHz  (p-p) 

1/6 

CCIR  Rec.  405-1 


Of  interest  are  advanced  methods  of  TV  transmission. 
These  are  techniques  of  multichannel  sound 
multiplexed  transmission  (FDM  type  subcarrier 
system,  FDM/TDM  combination  type  subcarrier  system. 
TDM  system  or  Independent  carrier  svstem),  Y/C 
signal  separate  transmission,  TV  signal  digital 
transmission,  still  pictures  broadcasting  and 
others.  A distributing  technique  of  time  and 
frequency  standard  signal  accompanied  with  the 
TV  broadcasting  signal  will  also  be  evaluated. 


(3)  Experiments  of  radio  wave  propagation;  Sta- 
tistical studies  of  14  GHz  and  12  GHz  radio  waves 
propagation  ch.aracterlstics , especially  rainfall 
attenua'-'.on  and  site  diversity  effects,  will  be 
made  by  collecting  data  obtained  at  various  earth 
terminals  and  using  spacecraft  telemetry  data. 
Detailed  studies  will  be  made  about  the  effects 
of  scintillation,  depolarization/polarization 
plane  angle  variation,  atmospheric  absorption  and 
dispersion  In  addition  to  the  study  of  the  rainfall 
attenuation  by  utilizing  rain  gauges,  radiometers 
and  specially  designed  weather  radar. 

(4)  Experiments  on  frequency  sharing;  Interfere- 
nce between  the  satellite  and  terrestrial 
broadcasting  TV  signals  in  12  GHz  band  will  be 
investigated  by  changing  distance  between,  and 
antenna  direction  of  receiving  earth  terminals 
against  a terre.strlal  TV  broardcasting  station. 

In  this  experiment,  NHK’s  experimental  station 
for  12  GHz  terrestrial  broadcasting  will  be 
Incorporated . 
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(5)  Mcaiuroncnts  of  spactcraft  aquipaent 
characttrlsClca ; Characteristics  of  the  on-board 
K-band  antenna  will  be  aeasured  respecting  its 
radiation  pattern  in  14  GHz  and  12  GHz,  cross 
polarization,  effects  of  thermal  distortion  by  the 
sc'ar  radiation  and  transient  responses  of  t!^e 
antenna  beam  pointing  during  spacecraft  position 
and  attitude  maneuvering. 

The  characterlctics  of  the  transponders  will 
also  be  aeasured  by  use  of  test  signals  related 
to  the  expcrlaent  item  (2).  The  measurements 
will  be  conducted  periodically,  «nd  perfonsance 
degradation  with  tiae  will  be  Investigated  making 
reference  to  the  prelaunch  data. 

2.  Experiments  on  control  and  operation  of 
satellite  broardcasting  system 

Spacecraft  control  techniques  such  as  orbitsl 
adjustment,  spacecraft  attitude  maneuvering,  etc., 
will  be  studied.  Computer  softwares  fi>T  these 
operations  are  being  developed. 

Experiments  of  automatic  and  manual  control 
of  ground  transmitter  power  will  be  conducted  to 
keep  the  satellite  receive  signal  level  optimum 
against  the  up-link  rainfall  attenuation. 
Techniques  for  multiple  access  to  a satellite  from 
multiple  transmitting  earth  stations  are  also 
developed.  Relating  to  the  exchange  of  the 
broadcasting  TV  signals  from  multiple  stations, 
switching  control  signal  transmission  procedure, 
carrier  on/off  timing  control  technique  and  double 
illumination  or  signal  break-off  effects  will  be 
investigated. 

3.  Evaluation  of  received  TV  signal  qualities  and 
improvement  of  receiving  techniques 

Evaluation  of  received  TV  signal  qualities  will 
be  made  extending  over  a long  period  of  time  at 
ROSs  and  SREs  which  are  located  at  many  places  of 
various  geographical  and  weather  conditions. 

Local  states  of  radio  wave  Interfetencs  or 
Jatmlngs,  effects  of  natural  features  on  the  earth 
or  effects  of  massed  buildings,  power-transmission 
lines  and  towers,  overhead  railways  and  other 
various  constructions  will  be  Investlgated- 
The  recaption  techniques  regarding  easiness  of 
equipment  installation,  maintenance  and  initial 
satellite  quisition  will  be  improved. 

Techniques  of  re-broadcasting  at  TTRSs  or  ROSs 
will  be  developed  through  these  experiments. 
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Abstract 

The  Japanese  Medium-scale  Brocdcasting  Sate- 
llite for  Experimental  Purpose  (BSE)  was  launched 
successfully  on  April  3,  1978  JST.  BSE  was 
stationed  on  April  26  at  the  predetermined  geostat- 
ionary orbit  position,  110  degrees  east  longitude. 
After  the  initial  check  of  the  satellite  function, 
various  kinds  of  satellite  broadcasting  experin^ts 
started  on  July  20,  1978.  The  experiments  will  be 
conducted  for  three  years  in  order  to  obtain  the 
technical  data  necessary  for  establishing  future 
operational  domestic  satellite  broadcasting  systems. 
Most  parts  of  experimental  items  planned  in  the  BSE 
program  have  been  carried  into  operation.^  This 
paper  will  present  the  results  of  BSE  experiments 
which  have  been  obtained  heretofore  along  with  a 
brief  description  of  future  experiment  plan. 


1.  Introduction 

The  Japanese  Medium-scale  Broadcasting  Sate- 
llite for  Experimental  Purpose  (BSE)  was  launched 
successfully  on  April  8,  1978  JST  from  the  Eastern 
Test  Range  of  USA,  using  a Delta  2914  launch  vehicle. 
After  several  precession  maneuvers.  Apogee  Kick 
Motor  (AUl)  was  fired  at  the  third  apogee  and  put 
into  the  drift  orbit. 

On  April  26,  BSE  was  stationed  at  the  predeter- 
mined geostationary  orbit  position,  110  degrees  east 
longitude.  The  BSE  is  held  within  the  accuracy  of 
±0.1  deg.  and  x 0.2  deg.  in  orbit  position  and 
antenna  beam  pointing  respectively. 

The  BSE  is  a three- axis  stab  Hired  spacecraft 
weighing  about  350  Kgs  in  orbit. 

It  has  two  sets  of  Ku-band  (1^/12  GHz)  trans- 
ponders with  100  watt  output  power,  and  a uniquely 
shaped  beam  paraboloidal  antenna  for  color  TV 
broadcasting. 

On  July  20,  1978,  the  Radio  Research  Laborato- 
ries (R?.L)  of  the  Ministry  of  Posts  and  Telecosouni- 
cations  (MOPT)  and  the  Nippon  Hoso  Kyokai  (NHK: 

Japan  Broadcascir.g  Corporation)  started  various 
kinds  of  satellite  broadcasting  experiments.  The 
experiments  will  be  conducted  for  three  years  in 
order  to  obtain  the  technical  data  necessary  for 
establishing  future  operational  domestic  satellite 
broadcasting  systems.  NASDA  is  responsible  for  the 
control  and  maintenance  of  the  BSE  during  the 
experimental  period. 

The  earth  terminals  which  participate  in  the 
BSE  experiments  are  Main  Transmit  and  Receive 
Station  (MTRS),  two  types  of  Transportable  Transmit 
and  Receive  Stations  (TTRSs,  Type  A and  B),  three 
types  of  Receive  Only  Sations  (ROSs),  and  many 


Simple  Receive  Equipments  (SR£s). 

Since  the  beginning  of  experiments,  most  parts 
of  experimental  icesis  planned  in  the  BSE  program 
have  been  carried  into  operation. 

Main  experimental  items  of  the  BSE  program  ar« 
experiments  on  the  evaluation  of  broadcasting 
service  area,  experiments  on  TV  signal  transmlaalom, 
experiments  on  radio  wave  propagation,  experiments 
on  frequency  sharing,  experiments  on  satellite 
broadcasting  signal  reception,  experimenta  on 
control  and  operation  of  satellite  broadcasting 
system,  and  so  on. 

Details  of  results  of  these  experimental  items 
will  be  described  in  the  following  sections. 


2.  Experiments  on  the  evaluation  of  broadcasting 
service  area 

The  service  area  can  be  evaluated  by  measuring 
Che  field  strength  and  received  TV  signal  quality  at 
many  places  throughout  Japan.  The  satellite  antenna 
has  a suitable  radiation  pattern  for  providing  high 
quality  color  TV  broadcasting  services  to  the  whole 
Japan  territory.  Fig.  1 shows  Che  BSE  antenna 
radiation  pattern  and  locations  of  Che  various  earth 
terminals  which  participate  in  the  BSE  experiments, 
plotted  on  a map  of  Japan. 

The  Main  Transmit  and  Receive  Station  (MTRS)  is 
located  in  Kast  a,  which  provides  not  only  TV 
signal  transmissicn  and  reception,  but  also  Ku-band 
TT&C  operation  for  experimental  purposes.  The 
receiving  stations  (ROSs  and  SREs)  usually  receiva 
TV  signals  which  are  transmitted  from  MTRS  or 
TTk.s.  For  TV-reception  tests,  additional  SREa  of 
about  thirty  are  further  incorporated. 

The  measurements  of  the  received  carrier 
level,  video  signal-to-noise  ratio,  and  TV  signal 
quality  assessment  have  been  carried  out  by  MTRS, 
TTRSs,  ROSs  and  SREs.  One  exaisple  of  measurement 
results  is  shorn  in  Table  1. 


3.  Experiments  on  TV  signal  transmission 

3.1  Satellite  transponder  characteristics 

To  measure  initial  performance  and  time  varia- 
tion of  satellite  transponder  characteristics,  Che 
initial  check  and  periodical  checks  per  every  half 
year  have  been  performed.  Measured  items  ace 
input-output  characteristics  (linearity,  ACC 
characteristic,  etc.),  output  characteristics 
(intermodulatlon,  mutual  laodulatlon,  spurious 
emission,  etc.),  amplitude  characteristics,  delay 
characteristics,  frequency  stability,  noise  charac- 
tcriatics,  and  so  on. 
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Tht  M««ur«Mnc  result*  of  sU  thast  charactar- 
Isclcs  vara  saclsfActory . Flj.  2 snow*  tha  varicclon 
of  satalllta  output  power  from  July  197d  to  March 
1979.  Tha  output  level  of  satalllta  was  obtained  by 
coavarclng  tha  receiving  level  at  MTRS.  Each  point 
gives  a monthly  average  of  every  day  value*  which 
are  measured  In  a fixed  maasuramant  method  at  the 
same  time  In  the  morniag. 

As  a whole,  level  variation  of  ± 0.5  dB  is 
observed . 

3.2  Standard  TV  signal  transmission 

(1)  Radio  frequency  transmission  charaeterls'- 
tics 

To  clarify  the  Rf  transnlsslon  characteristics 
of  satellite  cransalsslon  links,  various  character- 
istics have  been  ocasured  at  the  naln  station. 

They  are  level  diagram  of  satellite  liaics,  transmit- 
ting power  and  Its  variation  In  up  and  down  links, 
C/N  and  S/M  in  up,  down  and  overall  links,  frequency 
characteristics  (amplitude,  delay,  DC,  OP),  trans- 
ponder Input-output  and  frequency  stability, 
spurious  and  interaodulatlon  characteristics,  and  so 
on. 

Here  several  representative  characteristics 
will  be  described.  As  level  diagrams  are  the  ao'<C 
fundamental  characteristics,  they  have  been  measured 
from  the  Initial  check  period  up  to  the  present. 

An  example  of  radio  frequency  link,  levels 
between  tha  MTRS  and  Che  BSE  Is  snown  in  Table  2. 

The  results  show  good  correspondence  with  calculated 
design  values. 

Ac  the  main  station,  C/S  is  usually  very  high 
compared  with  other  satellite  links.  So  C/S  can  be 
measured  over  very  wide  range  In  the  BSE  links. 

Fig.  3 gives  measurement  results  of  C/M  in  up  and 
overall  links.  C/N  In  uplink  can  be  estisaced  from 
EIRP  of  Che  main  station,  and  also  from  teleewtry 
data  of  the  satellite.  Both  estimated  C/S  value* 
coincide  within  tolerances  of  1 to  2 dB  which 
correspond  to  telemetry  quantization  errors. 

Fig.  4 gives  the  relation  between  C/M  and  S/N. 
Messured  values  coincide  fairly  well  with  calculated 
curves,  and  Che  improvement  effect  by  emphasis 
(2.9  dB)  Is  also  apparant. 

Using  LCE  (Level  Control  Electronics)  settings 
as  psrametsrs,  C/N  In  up,  down,  and  overall  links 
were  messured  to  get  noise  figures  of  trsnspondcr 
with  varying  EIRP  of  the  main  station.  Fig.  5 gives 
noise  figures  for  channel  Al  transponder.  The  noise 
suppression  effect  caused  by  HL-7«>T’s  (100  W TWTA) 
nonlinearity  is  apparent. 

It  la  fundamental  to  examine  the  frequency 
characteristics  of  amplitude,  delay,  differencial 
gain  (DC)  and  differencial  pease  OP)  to  know  the 
satellite  links  characteristics  for  cransmltclng  FM 
teltvlsion  signals. 

Is  ths  tstcllltc  loop-back  neasursments , 
charactsrlstlcs  of  both  the  satellite  transponder 
and  the  earth  station  are  sixedly  aeaaurcd.  The 
characterlslcs  of  satellite  transponder  are  obtained 
by  subtracting  the  characteristic*  of  earth  station 
from  the  characteristics  measured  in  satellite 
loop-beck. 

To  transmit  FM  television  signals  faithfully. 

It  Is  necsssary  to  have  flat  amplitude  and  delay 
cbarsctsrlstlcs  la  pass-hand.  Fig.  6 shows  measured 
ssqilltudc  and  delay  characteristics  of  overaLl  link. 
Equillzers  In  the  main  station  arc  effective  in 
Improving  overall  amplitude  and  delay  ccacacter- 
Istics.  Fig.  6 gives  the  measurement  results  in 
March  1979,  showing  little  change  from  the  charac- 
teristics measured  in  July  of  1975. 


Fig.  7 shows  DC  and  DP  chsrsctsrlsclcs  of 
overall  link,  which  were  measured  at  ths  same 
period  as  F<g.  6.  It  is  ssen  from  these  measure- 
ment result*  chat  tha  BSE  links  have  excsllsnc  Rf 
transmission  charscteristlc*  as  cslevlslon  trsns- 
mlsslon  links. 

(2)  Bsssband  transmission  characteristics 

Maasureaents  cf  baseband  transmission  eharac- 
terlatlcs  have  been  performed  for  many  Items.  For  . 
video  signals,  they  Includs  modulation  characteris- 
tics, amplitude  and  delay  characteristics,  waveform 
distortion,  linearity  (DC, DP),  S/N  and  subjective 
assessment  of  picture  quality,  for  sound  signals, 
chsy  art  modulation  characteristics,  emphasis 
characteristics,  frequency  characteristics,  distor- 
tion, S/M,  and  subjective  assessment  of  sound 
quality,  and  so  on  Tha  BSE  bxpcrimencs  have  been 
conducted  under  the  same  parameter  setting,  assuming 
FM  transmission  of  conventional  NTSC-M  color  televi- 
sion signal  as  standard.  Since  January  of  1979, 
diaparsal  signal  has  besn  added. 

It  la  seen  from  these  aeasuremcnr  results  that 
baseband  chavacterlsclcs  arc  almost  dctarmlned  by 
chose  of  the  main  station,  and  are  scarecely  Influ- 
enced by  the  satellite  transponders. 

3.3  Advanced  TV  BroaJcaatlng  system 

Various  kinds  of  signal  transmission  experi- 
ments have  been  carrisd  out  with  the  purpose  of 
developing  advanced  TV  Broadcasting  cechnlqum  or  new 
application  of  satellite  broadcasting  system.  Among 
them  are  PCM- TV  transmission,  ranging  system  using 
TV  synchronous  signal,  standard  tlma  and  frequancy 
dissemination  system  via  satellite,  high-def Inlclon 
TV  cransmiasion  aod  so  on. 

(1)  Uigh-deflniclon  television  trcmsmisalon 

A hlgh-dcf Inltlon  television  system  parameter 
tentatively  specified  by  NKK  Technical  Resaarch 
Laboratories  is  shown  In  Table  3. 

Fig.  8 shows  Che  experimental  system  for  the 
hlgh-dcf Inlclon  TV  transmission  with  tha  BSE.  A 
unique  feature  of  this  sysesm  Is  that  the  luminance 
(T)  and  chrominance  (C)  signals  are  transmitted 
through  the  separate  radio  frequency  channels. 
Necessary  RF  band  widths  is  30  MHz  and  25  MBz  for  Y 
and  C signals,  respectively.  Major  advantage 
obtained  by  the  Y/C  separate  cransmtsslon  over  the 
conventional  composite  color  signal  transmission  is 
a great  improvement,  approximately  10  dB,  of  the 
signal  CO  nolsa  ratio.  In  ocher  words,  the  sace- 
lUCe  cranamlcclng  power  can  be  decreased  to  1/10  of 
that  required  for  the  conventional  cranamisslon 
method. 

In  November  1978,  the  first  transmission 
experiment  through  the  BSE  was  carried  out  at  KHY. 
Technical  Research  Laboratories  for  four  days.  .Ls 
Che  signal  sources,  a color  print  of  landscape  scene 
and  a atrip  from  a 70  am  i»vi«  were  picked  up  by  the 
return  beam  Sat  Icon  camera  and  Che  special  telecine 
equlpstcnc,  respectively.  Quality  of  Che  received 
picture  was  quite  satisfactory  so  that  one  can 
hardly  cell  the  degradation  after  the  satellite 
transmission  except  a very  slight  increase  of  noise. 
Table  4 shows  the  carrler-to-nolse  ratio  (CNR.) 
Masured  on  the  Y and  C channels.  Alto  an  average 
picture  S.N'R  Is  shown  in  Table  5.  At  the  second 
transmission  cxpcrlaent  held  in  March  1979.  a high- 
deflnltlon  TV  reception  was  successfully  demonstrat- 
ed at  Che  Ministry  of  Posts  and  Telccoaa<>nlcstlont 
down  town  in  Tokyo. 

The  channel  plan  to  be  applied  to  the  12  GHz 
broadcasting  astclllc*  syatem  operated  in  the  ITL' 
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Regions  1 and  3 has  bacn  decided  by  Che  World 
AdRlnlstracive  Radio  Conference  held  in  1977  (UARC- 
BS).  Since  the  plan  is  baaed  on  che  convenclonal 
Ti'  aystcni  such  as  NTSC,  PAL  or  SCCAM,  it  is  evidenc 
chac  Che  high-def iaicion  TV  described  here  dees  not 
conforn  with  che  cechnical  scandards  specified  by 
che  plan.  Pros  che  cechnical  poinc  of  view, 
however,  che  experimanc  scill  reBaina  co  be  aeaning- 
ful  because  che  ef feccivenesa  of  che  Y/C  aeparace 
cransaisaion  aechod  is  prov^  chrough  che  accual 
sacellice  pach,  in  conaidering  ica  application  to 
che  22  CHi  and  higher  frequency  bands  allocated  to 
che  broadcasting  aervice. 

(2)  Preliminary  experiment  on  che  dissemi- 
nation of  time  and  frequency 

The  dissemination  of  time  and  frequency 
standard  by  means  of  Tf  signals  from  a broadcasting 
sacellice  has  a great  advantage  in  the  poinc  that 
one  can  ucilice  such  a syscea  at  any  place  through- 
out che  country,  using  a simple  receiving  ay stem 
vich  the  same  type  of  calibrating  apparatus.  But 
such  system  suffers  from  the  frequency  doppler 
shift  due  co  che  sacellice  orbital  position  varia- 
tion. It  is,  therefore,  necessary  to  take  some 
preventive  measures  against  this  sort  of  frequency 
shift  in  order  co  disseminace  che  highly  precise 
frequency  standard. 

In  che  doppler  shift  measurement  syscea.  Rb 
(rubidium)  and  Cs  (cesium)  atomic  frequency  scand- 
ards were  installed  respectively  at  che  BSE  aain 
station  (ac  Kashina)  and  the  RRl  headquarters  (at 
Koganei),  about  100  Kn  apart  each  other.  The  two 
frequency  scandards  are  precisely  synchronized  in 
frequency  co  1 ^ 10  via  TV  synchronizing  signals 
in  che  terrestrial  TV  signals.  At  both  places  the 
sa=e  rype  frequency  synthesizers  (HP  5100A)  are 
used  to  generate  reference  color  subcarriers.  Ac 
Koganei,  a simple  receiving  equipment  with  1 ap 
antenna  was  used,  and  received  cosipositc  video 
signal  was  used  to  "CENLOCK"  a sync-generator,  of. 
which  3.56  MHz  output  signal  was  used  to  measure 
the  frequency  doppler  shift  averaged  over  10  minutes 
by  way  of  reading  the  phase  comparison  record. 

Tne  experimental  result  is  sho%m  in  Fig.  9. 
Curve  s gives  mcasvtred  doppler  values  ac  Koganei, 
together  with  calculated  ones  at  Kashina  which  were 
estimated  from  predicted  orbital  values.  Measured 
values  coincide  with  calculated  ones  fairly  well 
within  tha  measurement  error  of  10  in  the  phase 
difference  recording,  although  the  doppler  shift 
amounts  to  ± 4 * 10  ^ which  is  comparatively  large 
value  due  to  the  fact  chat  the  measurement  period 
was  just  before  BSE  orbital  correction  maneuvers, 
and  also  Just  at  a new  moon  time  meaning  much 
influence  of  heavenly  bodies. 

Curves  b and  c show  respectively  che  values  of 
doppler  shift,  relative  co  the  value  at  Kashima,  ac 
Wsllanai  and  Okinawa,  phe  farthermost  locations  in 
tne  country.  These  two  curves  show  variation 
acpiir.udes  of  ± 2 * This  means  that  it  is 

possible  CO  ceceive_8tandard  frequency  with  the 
error  within  2 * 10  everywhere  in  the  country 
if  some  measures  are  taken  co  cancel  the  doppler 
shift  as  received  in  Tokyo  area.  That  will  be 
realized  by  the  phase  (frequency)  control  of  the 
transmitter  by  use  of  the  prediction  value  or  the 
servo  control  loop. 

Further,  it  can  be  expected  to  get  precision 
better  than  10~‘^  bV  che  method  of  averaging  over 
24  hours  OF  utilizing  zero  doppler  shift  time 
calculated  from  orbital  pradiccion  value. 

As  for  the  influence  of  transmission  path, 
there  was  little  influence  on  the  phase  comparison 


even  in  the  hard  rain  time.  So  it  is  thought  that 
and  14  CHz  propagation  characteristics  do  not 
give  any  savara  Influenca  on  tha  ciae  and  frequancy 
dlssami  nation. 

(3)  Multi-channel  still  picture  broadcssCing 

system 

ExperiMnes  on  che  transmissioa  of  approxlMta- 
ly  50  still  picture  signals  each  consisting  of  s 
scrlaa  of  still  color  picture  accompanied  by  dlgltai- 
lly  coded  sound  signal  wara  conductad  using  one 
calavlsion  channel  exclusively. 

The  basic  transmission  paraaacara  of  cha  dclll 
picture  broadcasting  system  such  as  tha  very  low 
frequency  transient  characteristics  and  the  pulse 
code  transmission  charscceristics  were  measured  by 
che  transmission  test  via  satellica. 

From  cheae  test  results  it  was  concluded  chac 
the  scill  picture  broadcasting  system  could  be 
realized  which  is  compatible  with  Che  satellite 
broadcaacing  of  acandard  cclavlsion  aystem. 

(4)  Mulci-channal  sound  mulclplexad  television 
syaten 

The  sound  multiplexing  syscea  was  designed  to 
transmit  several  sound  signals  using  two  sub-carri- 
ers 4.5  MHz  and  S.O  MHz.  The  4.5  MHz  sub-carrltr 
which  carries  aain  sound  signal  is  compatible  with 
che  terrestrial  television  broadcasting.  The  5. OS 
MHz  sub-carrier  Is  capable  of  transmitting  up  to 
four  5 mz  signals. 

As  a result  of  transmission  test  via  satallica, 
the  compatibility  with  the  standard  cransmiaalon 
system  was  confirmed  and  tha  cross  calks  between 
each  sound  channels  and  the  cross  effect  from  sound 
'channel  to  video  channel  were  found  to  have  no  major 
problems. 

(5)  PCM-FM  sound  transmission 

The  purpose  of  the  experiment  is  to  provide 
data  CO  establish  sound  program  broadcasting  aa  a 
means  of  broadcasting  high  quality  stereophonic  or 
multi-channel  sound  programs. 

The  experiment  was  conducted  with  PQl  crana- 
mission  of  stereo  sound  signals  of  1.544  M blt/a 
using  four  phase  PSK  modulator. 

As  a result  of  experiment,  che  relation  baewean 
C/N  and  the  Bit  Error  Rate  was  quancatlvely  cleared 
and  the  result  was  very  near  co  chac  of  theoretical 
value. 

(6)  Digital  TV  transmission 

To  search  che  possibility  of  digital  TV  bmad- 
casclng,  a series  of  experiments  on  the  digital 
transmission  of  TV  signals  have  been  conducted  in 
both  KTRS  and  TTRS  of  type  B. 

Measurements  were  performed  to  obtain  funda- 
mental data  such  as  transmission  characteristics  ef 
satellite  link.  Bit  Error  Rate  characteristics  for 
4-  or  8-phase  PSK  transmission  in  satellite  linka, 
4-phasc  PSK  transmission  of  DPCM  coded  color  TV 
signs la. 


4.  Experiments  on  radio  wave  propagation 

The  frequency  band  of  12  CHz  allocated  Co 
aacellitc  broadcasting  has  bacn  applied  tc  the 
down-link  in  this  expt.~imenc,  together  with  14  CHz 
Co  the  up-link.  Since  these  frequencies  sre  more 
easily  affected  by  rainfall  and  snow  chan  4/6  CHa 
of  the  C-band,  it  is  necessary  to  investigact 
propagation  characteristics  in  various  kinds  of 
climate  in  Japan,  in  order  to  know  how  much 


p«rctnt*a«  of  ciJM  xs  guaranc«t<i  for  ch«  •atallic* 
broadcaaclng. 

Hara  aav«ral  propagation  characctriscict 
obcainad  at  various  locations  in  Japan,  cocaming 
14  and/or  12  CHz  along  tha  satallita-aarth  path  for 
parlods  up  to  about  ona  yaar  will  ba  dascribad. 

4.1  Data  acquisition  and  processing 

Tha  locations  of  the  stations  concarnad  with 
tha  propagation  naasuranants  ara  alraady  shown  in 
Fig.  1.  At  tha  MISS,  tha  K-band  baacon  laval  (11.7 
CUs)  is  racalvad  for  aaasiiring  rain  atttnuation  and 
dapolariaatiOD.  Tha  othar  stations  usually  rccalva 
tha  TV  signal  which  is  transmittad  froa  tha  MTRS  or 
rrsss. 

Tha  aaasurad  data  at  tha  KIRS  ara  procassad 
and  aditad  by  an  on-lina  conputar.  In  parallal 
with  the  aaasuremant  of  radio  signal  from  tha 
satallita,  saveral  kinds  of  observations  have  baan 
conducted  in  the  MTRS,  using  a natwork.  of  rain- 
Ruagas,  a rain  radar  of  the  C band  and  others- 

Concerning  with  NHK,  the  transmission  of  data 
aaasurad  and  temporarily  memorized  at  tha  TTRS  and 
ROSf  is  performed  daily  through  telephone  lines  or 
via  tha  SSE  in-band  talk  channel,  and  finally  tha 
data  ara  aditad  on  Mis. 

One  of  the  most  important  points  of  processing 
is  how  accurately  and  efficiently  to  extract  addi- 
tional attenuation  due  to  rainfall  froa  given  data. 
Tha  received  power  can  be  fluctuated  with  influence 
of  such  factors  as  attitude  and  orbital  position  of 
the  satellite  and  pointing  error  of  a receiving 
antenna.<  The  computer  procassing  procedure  to 
allainatc  the  influence  of  ocher  factors  Chan  rain 
was  devised  and  it  oprates  fairly  well. 

4.2  Results 

In  Fig.  10  is  shown  an  example  of  comparison 
between  rain  attenuations  of  the  up-  and  down-links 
on  a rainy  day  at  Kashiaa.  The  plotted  data  are 
scattered  a little  for  small  attenuations.  The 
ratio  of  attenuation  of  the  up-  to  the  down-link  in 
decibel  is  about  1.4  which  is  almost  equal  to  Che 
theoretical  value.  As  this  relation  was  kape  for 
ocher  various  rain  events,  it  is  possible  to  convert 
Che  statistics  of  the  down-links  to  the  ones  for 
Che  up-links . 

Fig.  11  shows  cumulative  distribution  curves 
of  attenuation  of  the  BSE  beacon  signal  ('1.7  CUz) 
as  well  as  the  ones  from  the  propagation  xperlmenc 
with  the  L-gineering  Test  Satellite  type  II  (ETS- 
II),  which  was  performed  during  May  1977  to  April 
1978  using  11.5  CHz.  As  the  frequency  in  the  ETS-Il 
is  near  the  one  in  the  BSE,  the  statistical  curve 
of  the  ETS-II  can  be  applicable  also  for  the  down- 
link of  the  BSE. 

Fig.  12  presents  cumulative  discTibuclons  of 
rainfall  race  at  the  main  station.  Correlation 
between  the  curves  in  Fig.  11  and  those  in  this 
figure  are  not  good.  Because  the  distribution  of 
rainfall  covers  100  X of  the  time  and  that  of  rain 
attenuation  covers  only  about  70  X due  to  various 
troubles  of  the  system. 

These  statistics  have  to  be  taken  at  various 
locations  and  then  receiving  system  parameters  such 
as  antenna  size  can  be  determined,  required  for 
practical  service,  when  a certain  amount  of  rain 
attenuation  is  given  for  a specified  percentage  of 
Che  time. 

Cuauiative  distributions  of  rain  attenuation 
and  rainfall  rate  were  derived  from  the  data 
obtained  at  tha  ROSs  and  the  TTRS  during  August  to 
December,  1978.  In  Fig.  13  are  shown  the  distribu- 
tions for  two  typical  locations,  0<ase  and  Kesennuma 


where  the  aexisua  and  oinimua  rainfalls  occurred 
respectively  during  the  observetion.  In  Table  6 
rain  actenuacion  and  rainfall  rata  are  given  for  1 
and  0.1  Z of  the  time  at  each  location,  which  were 
read  froa  the  above-men cloned  distributions, 
together  with  the  corresponding  observed  ciae.  The 
observation  of  actenuacion  has  be'en  lialted  due  to 
Che  cease  of  transmission  on  Saturday  and  Sunday, 
besides  at  nighttime  in  c'r.c  beginning  of  the 
aeasureaencs . The  rainfall  rates  in  Table  6 are 
dlffercnc  froa  the  one  to  be  reed  in  Fig.  13, 
because  the  rainfall  data  in  the  figure  are  caployed 
only  during  the  observation  of  attenuation. 

In  Fig.  14  are  plotted  points  st  which  accenua- 
Clon  and  rainfall  rate  occurred  for  the  same  percen- 
tage of  ciae.  From  the  figure,  effective  path 
length  is  about  5 'ts-,  which  is  almost  coincided 
with  the  one  in  CCIR  Report  564-1  and  the  result  by 
Che  ETS-II.  Effective  pech  lengths  were  also 
derived  from  the  aeasureaencs  at  the  ROSs,  of  which 
the  values  for  typical  locations  are  given  in  Table 
7.  In  comparison  with  tha  above-mentioned  value  at 
Kashima  and  the  ones  quoted  in  the  same  cable  from 
the  CCIR  Report,  the  values  in  the  cable  ere 
considerably  shorter  for  severe  rainfall  races. 
Although  this  may  be  ascribed  to  difference  of 
meteorological  conditions  between  the  measuring 
locations,  more  data  are  needed  to  draw  a conclusion. 

The  analysis  of  the  propagation  maasuremencs 
has  revealed  preliminary  but  Incarescing  results  on 
statistics  of  rain  attenuation  at  various  locations 
of  Japan,  which  would  lead  to  final  fruitful  results 
at  Che  end  of  Che  experiment  for  the  expected  full 
three  years,  besides  sn  efficient  method  for  cliai- 
naclng  non-propagation  effects  froa  obtained  data. 


5.  Experiment  on  frequency  sharing 

In  order  to  lay  down  basis  for  sharing  criteria 
between  up-links  to  broadcasting  satellite  (BS)  and 
between  up-links  to  BS  and  to  comaunlcation  sate- 
llite (CS)  using  the  same  frequency  band  at  around 
14  CHz,  experiment  on  evaluation  of  interference 
criteria  was  carried  out  using  the  BSE. 

In  this  experiment,  interferences  between  the 
following  simulated  links  have  been  considered. 

[IJ  BS  (RI-TV)  - BS  (FM-T\-) 

[21  BS  (FK-T\-)  - CS  (FM-TV) 

[31  CS  (FDM-FM)  - BS  (FM-TV) 

[4]  BS  (FM-T\')  - CS  (FOM-FM) 

Transaission  paraaacers  used  for  each  uplink 
ara  shown  in  Table  i. 

The  TTRS  type  B was  transported  to  be  used 
mainly  as  Intcrftrlng  station  at  the  Kashima  Branch 
of  Che  RRL  where  the  MTRS  is  located,  to  eliminate 
error  to  be  generated  by  satellite  attitude  drift. 

5.1  Evaluation  of  interefemce  to  the  wanted  FM-TV 
eiznals  from  the  FM-TV  ana  FDM-FM  signals 
(cases  [1]  'w  [3]  above) 

Subjective  assessment  of  the  wanted  FM-TV 
signal  interfered  with  FM-TV  end  FDM-FM  signals,  by 
varying  an  offset  angle  of  unwanted  station  antenna, 
was  conducted  to  obtain  protection  ration  required 
and  various  margin  which  might  nesd  to  compensate 
the  diffeicQce  between  theoretical  and  actual  values. 

Tables  9 and  10  contain  results  obtained  froio 
experlacnc.  Viewing  condition  used  for  this  experi- 
acnc  is  to  different  that  viewers  stand  in  front  of 
picture  monitor  to  facilitate  them  to  detect  inter- 
ference to  obtain  protection  ratio  for  high  picture 
quality,  which  nav  be  applied  for  up-liok  inter- 
ference evaluation. 
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Although  additional  axparlnant  la  raqulrad,  th« 
following  prallalnary  conclualsn  could  b«  darlvad: 

• BS/FM-TV  ♦ BS/FM-T\’:  protactlon  ratio  - 38  dB 

• BS/FM-TV  • tS/FM-TV:  ” " - 31  dB 

• CS/FDM-FM  BS/FM-TV:  ” " - 35*v.32dB 

(60'^972ch) 

5.2  Interfartnca  fron  broadcaatlng  latalllct 

aarvict  (aarth  to  apact)  aarth  station  Into 
fixed  service  aatalllta 
Interference  froa  FM-TV  into  FOH-FM  was 
measured  using  the  14  CHz  band  for  up-links,  chang- 
ing various  parameters  such  as  the  ratio  of  disired- 
to-undesired  signal  power  (DUR) , TV  video  signals 
(color  bar  or  color  test  chart),  energy  dispersal 
(with  or  without)  and  frequency  deviation.  The 
signal-to-lnterference  noise  ratio  was  proportional 
to  D/U  as  shown  in  Table  11  and  was  not  affected  by 
TV  video  signals  and  energy  dispersal. 

The  signal-co-nolse  ratio  was  also  measured, 
changing  the  antenna  direction  angle  of  BSE  earth 
station.  Experimental  results  agree  with  the 
calculated  values  as  shown  in  Fig.  IS. 


6.  Experiments  on  satellite  broadcasting  signal 
reception 

6. 1 Received  power  and  its  stability 

It  has  been  confirmed  by  the  measurements 
carried  out  simultaneously  at  39  locations  all  over 
Japan  that  received  powers  were  generally  coincided 
with  Che  corresponding  predicted  ones  as  shown  in 
Fig.  16.  Deviation  of  the  received  powers  fron  the 
prediction  were  within  1 dB  for  75  X of  the  measure- 
ments . 

Comparatively  long  term  variations  of  received 
power  were  measured  at  the  ROSs.  At  the  beam  edge 
of  the  satellite  transmitting  antenna,  where  the 
ROSs  situated  on  the  isolated  islands,  the  variation 
showed  a maximum  and  reached  up  to  about  5 dB. 
which  included  pointing  error  2 dB  inevitable  to 
Che  simple  cracking  ancenna  equipped  there. 

Qualicy  of  received  picture  has  been  assessed 
subjectively,  whicn  was  almost  eacellenc  at  each 
location,  using  color-bar  and  specially  prepared 
VTR  signals. 

Fron  the  TV-rcceptlon  tests,  an  antenna  size 
has  been  derived  which  was  required  to  obtain 
weighted  SN  ratio  of  picture  of  more  than  45  dB  for 
99  X of  the  time  at  each  location.  The  required 
diameter  is  about  1 m around  the  center  of  the  beam 
of  the  transmitting  antenna,  about  1.6  m for  the 
fringe  area  of  the  mainland  and  2.8  m to  4.5  m for 
the  isolated  islands-  Tnesc  meet  approximately  the 
initial  design  specification. 

By  t;he  TV-reception  tests,  it  has  been 
confirmed  chat  received  power  was  generally  coin- 
cided with  the  predicted  values  and  also  that 
excellent  qualicy  of  picture  was  obtained  at  each 
location  all  over  Japan.  Influence  of  mow, 
especially  fall  of  wet  snow  on  a receiving  antenna 
causes  severe  degradation  of  reception.  It  la 
needed  keenly  Co  clarify  its  mechanism  and  statis- 
tics and  to  develop  a method  for  improvement. 

The  field  tests  in  the  urban  and  rural  areas 
have  also  been  conducted  to  investigate  the  influ- 
ence of  buildings  and  topography.  The  influ.mce  of 
high-ways,  rapid  railways,  and  airports,  etc.  on 
the  reception  quality  of  TV  signals  froa  the  BSE 
have  been  investliscad. 

6. 2 Solar  noise  Interference 

The  solar  noiae  incerfsrences  were  measured 


efeer  the  eutuanel  equinox  in  1978  and  before  the 
vernal  equinox  in  1979  in  awny  earth  termlnala. 

It  is  well  known  chat  the  sun  transits  in  a 
beam  of  a ground  receiving  antenna  coward  the  vernal 
and  autumnal  equinoxes,  if  Che  antenna  points  to  the 
gsoststionary  orbit.  A harmful  interferencs  can  bm 
happened  to  reception  of  eacellice  broedcasclng  at 
chat  caae.  Increase  of  noise  was  msasured  at 
ssveral  locations  with  aatsnnas  of  diffsrmnt 
dlametsr. 

Fig.  17  shows  incraass  of  noiss  power  duo  to 
the  solar  noiae  interference  at  a receiver,  of  which 
noise  temperature  Is  about  MO  K. 

Fig.  18  shows  duration  tins  of  the  possible 
solar  inttrfsrence  per  day  and  number  of  days  of  its 
occurrcnco.  In  comparison  of  chess  results 'with  the 
rein  attenuation  statistics,  it  is  undsratood  chat 
the  solar  noise  interference  affects  sacslllco 
broadcasting  service  only  for  much  smaller  percent- 
age of  the  time  then  rain  attenuation  does,  and 
a»reover  occurrence  cine  and  intensity  of  the 
interference  can  be  prudicted  with  practical 
accuracy.  The  .olar  noise  interference  was  raalisod 
to  affect  satellite  broadcsscing  service  only  for 
much  smaller  percentage  of  time  than  rain  attenua- 
tion doea. 


7.  Experiment  on  control  and  operation  of  satellite 
broadcasting  system 

7 . 1 Range  measurement  of  broadcast  satellite 

utilizing  television  sync-pulse 

The  range  between  the  ground  transmit  and 
receive  station  and  the  satellite  can  be  measured 
using  tht  television  sync-pulse. 

TV  Ranging  Equipment  was  developed  to  eveluatc 
the  accuracy  of  the  system  with  the  BSE  and  TTRS 
Type  A. 

The  expected  error  has  -1.0  m mean  and  0.56  m 
standard  deviation.  This  value  comes  mainly  from 
round-off  error  and  high  signal  to  noise  ratio 
causes  only  0.3  m error  component. 

Fig.  19  shows  the  change  of  the  range  in  a 
short  span.  The  residual  fitting  with  first  order 
function  is  0.72  m in  this  case,  and  this  value  is  a 
little  greater  than  expected.  The  evaluation  in  a 
long  span  is  achieved  using  a high  accurate  orbit 
elements,  and  it  was  concluded  that  the  error  is 
less  than  few  meters  that  is  enough  for  orbit 
det '■-mine  t ion. 

7.2  Automatic  television  signal  quality  assessment 

(VITS  measurement) 

Transmission  chersccerlsclcs  measurement  equip- 
ment including  VITS  (Vertical  Interval  Test  Signal) 
Inserter  and  digital  data  processor  was  developed  to 
measure  and  examine  the  stability  of  TV  signal 
transmission. 

An  example  of  the  received  television  signal 
characteristics  is  shown  in  Table  12. 

7.3  Access  to  Che  satellite  from  the  multiple  ground 

stations 

Program  twitching  tests  were  performed  via 
satellite  between  the  MTRS  and  the  TTRS  moving 
around  Japan  using  multiple-access  control  equipment 
fitted  with  propagation  time  dissolution  logic. 

As  a result  of  subjective  evaluation  teat,  Che 
Bvltching  function  was  found  to  be  saxioth  and  to 
have  no  vlaual  problems. 
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S.  Cone lu« Ion 

Th#  BSE  txp«rim«nca  hava  baan  conductad  favour* 
ably  slnca  July  1978.  Moat  of  axpariswncal  Itaaa 
plannad  in  Cha  BSE  program  hava  baan  carrlad  into 
oparaclon.  But  chara  ara  aavaral  axparimantal  itama 
which  ought  to  ba  conductad  haraafcar,  auch  aa  cha 
itivaacigacioa  of  acactaring  phanonana  aapacially  in 
tha  up-link  path  of  14  GHz,  the  regular  axparimanca 
oc  atandard  time  and  frequency  aignala  disaaminacion 
by  meana  of  TV  aignala,  cha  axparimanca  on  aimulca- 
naoua  amplification  of  multiple  aound  aignala  for 
eke  puipoaa  of  sound  broadcaacing,  and  ao  on.  They 
wjll  ba  conducted  in  the  laccar  half  axparimantal 
period.  It  is  axpeccad  chat  all  the  axparlmants  In 
tha  BSE  project  will  ba  performed  with  aaciafaccory 


who  participatad  in  cha  BSE  axparimanca. 

Tha  auchara  wish  to  express  chair  sincere 
thanks  to  cha  parsons  concerned  of  RKl,  NHK,  and 
NASDA.  Also  particular  thanks  ara  due  to  cha  staff 
of  MOPT  tor  Chair  guidance  in  tha  BSE  program. 
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£e!]te  Telsvisiors  Rscsivsr 
For  1 2GHz  Broodcast  Satel'its 

iViGds!  790 


MODEL  790  Satellite  Television  Receiver 


FEATURES 

o LOW  NOISE  500K  (=4,3dBNF) 
o 5-CHANNEL  SELECTION 

o baseband  and  normal.  VHP  TV  CHANNEL 
OUTPUTS 

o LOW  POWER  CONSUMPTION:  11  WATT  AC 
o COMPACT  ANTENNA  AND  TERMINAL  EQUIP- 
MENT 

o SIMPLE  INSTALLATION 
o maintenance  FREE 
o LOW  COST 

GENERAL 

NEC.  as  a pioneer  in  space-age  communications  has 
long  predicted  direct  satellite  reception  for  broadcast 
applications  The  genesis  of  this  concept  occurred  m 
1973  as  NEC  and  NHK  (Japan  Broadcasting  Corpora- 
tion) began  joint  development  of  such  a receiver.  By 
1975  NEC  had  supplied  single  channel  receivers  for 
NHK  for  field  testing  of  the  CTS  (Communication 
Technology  Satellite).  The  results  were  excellent  and 
well  publicized. 

NEC  now  proudly  introduces  the  second  generation 
of  direct  receiver  . . the  Model  790.  This  new,  five 
channel  model,  has  been  installed  and  extensively 
tested  by  NHK  on  the  Japanese  BSE  Satellite 
(Medium-scale  Broadcast  Satellite  for  Experimental 
Purposes).  A 4 GHz  version  of  this  product  has  been 
developed  as  a system  for  Domsat  use. 


LINK  DESIGN 

An  example  of  link  *•’'  I-  i is  given  for  the  BSE.  As  mentioned  in  Tables,  when  the  satellite  EIRP  is 


55  dBW,  the  Video  S/N  becot'''  5 4P  dB  and  threshold 

TRANSMISSION  PARAMETERS 
OF  JAPANESE  BSE 


ITEM 

PARAMETERS 

Satellite  EIRP 

55  dBW 

Polarization 

Linear 

Video  parameters 
Television  standard 

CCIR  system  M 

Top  baseband  frequency 

4 2 MHz 

Modulation 

FM 

Deviation 

12  MHz  p-p 

Modulation  polarity 

Sync,  negative 

Energy  dispersal 

600  kHz  p-p 

Pre-emphasis 

CCIR  Rec.  405 

Sound  parameters 

Transmission  system 

Sound  subcarrier  onto 
video  baseband 

Modulation 

FM 

Top  baseband  frequency 

13  kHz 

Sound  subcarrier  frequency 

4.5  MHz 

Deviation  of  RE  earner  by  subcamer 

±1  MHz  Peak 

Deviation  of  subcarrier  bv  sound 

±25  kH,t  Peak 

Pre-emphasis 

75usec. 

margin  is  7 dB. 


LINK  CALCULATION 


1 ” 

PARAMETERS  | 

: 1 1 tM 

VIDEO 

SOJNO 

Satellite  EIRP 

dBW 

55.0 

— 

Path  loss  (at  12  GHz) 

dB 

-205.8 

- 

Ground  station  G/T 

dB/K 

13  5 

- 

Down-link  C/T 

dBW/K 

-137.3 

- 

Boltzmann's  constant 

dBW/X/Hz 

228.6 

- . 

Barsdwidth  (27  MHzl 

dB  Hz 

-74.3 

- 

C/N 

dB 

17.0 

22.2 

FM  improvement 

dS 

18.9 

19.3 

Weighting  factor 
including  emphasis 

dB 

12.8 

11.8 

S/ti 

dS 

48.7 

53.3 

Threshold  margin 

dS 

i,  \Q... 

- 

Link  Cr'  „^llON  FOR  625  LINE  SYSTEMS  (OPTION) 


.^iR  TELEVISION  SYSTEM 

8.G 

. H 

' 

0. 

< 

Top  video  ‘requency 

5 MHz 

5.5  MHZ 

6 MHz 

Sound  subcarrier  frequency 

5.5  MHz 

6 

MHz 

6.5  MHz 

ITEM 

VIDEO 

SOUND 

VIDEO 

SOUND 

VIDEO 

SOUND 

Sv  liteEIRP 

dBW 

55.0 

- 

55.0 

55,0 

- 

Path  loss  (at  12  GHz) 

dB 

-205.8 

- 

-205.8 

- 

-205.8 

- 

Ground  station  G/T 

dB/K 

13.5 

- 

13.5 

- 

13.5 

- 

Down  link  C.fT 

dSW/K 

-137  3 

- 

-137.3 

- 

-137.3 

- 

Boltzmar.'i  s constant 

cfiW/K.'Hz 

228  6 

- 

228.6 

- 

228,6 

- 

BsndwidTh  (27  MH?) 

dB  Hz 

74.3 

- 

743 

- 

74.3 

- 

C/N 

dB 

17.0 

20,5 

17.0 

19.7 

17.0 

19.0 

FM  improvement 

dB 

16.6 

25 -> 

15.4 

25.3 

14.2 

25.3 

Weiohting  factor 
including  emphasis 

dB 

16.3 

-■  ' 

12.9 

9.2 

18.1 

9.2 

S/N 

dB 

55.0 

45.3 

54.2 

49.3 

53  5 

Threshold  margin 

dB 

■b 

7.0 

- 

7.0 

- 

;Nofe  Above  Imk  calculation  tor  625  lir.>-  syiiwni  is  made  on  the  assumption  of  the  same  specifications  as  those  of  Japanese  BSt  value  ; 


TYPICAL  PERFORMANCE 


ORiG’’’"^ 
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'rrm  is’ 

Q..sL!TY 


Getsaral  periorniance 

Frequency  range 

1 1 .950-12.130  GHz.  other  Irequency  oouonai 

Tunirtg 

5 cfs-nel.  oush-button  select 

Antenna  sire 

1 2 m.  other  sizes  avsilab'e 

Outputs 

Baseoand  iVideo.  sound)  & AM  (VHF  TV  CHl 

Antanna  characlanrtia 

Gain 

41  c3  at  12,0  GHz 

Polaritation 

Linear,  circular  available 

Adjustmant 

Az-jth  ±5°  Eevation:  20“-55‘’ 

Wind  survival 

-0  rn  sec 

Base 

0,61  X 1.25  m 

Weight 

38  Lg  aoprox. 

Receiver  characteristics 

Noise  tamperaiura 

500  < tvoica'  (-4.3  dB  NF) 

Standard  input  level 

-nooBw 

Baseband  output 

Video:  1 V b-o/TSn 

Sound:  0dEm/600f! 

VHF  output 

Vision  carrier  80— 85  o£  V/75n 

Sound  carrier;  14  — 10  dB  down  to  vision  carrier 

Power  consumption 

11»V  aoprox.  AC  50—60  Hz 

Operating  temperature 

LNC:  -20®-+40°C 
FAC;  0®-+40®C 

Weight  (approx.)  & Dimaitsion 

LNC:  1.3  Xg.  49(H)  X 92(W)  x 289(D)  mm 
FAC:  3.1  Xg.  70(H)  x 230(WI  x 186(0)  mm 
IF  cable;  2.0  Xg.  30m  long 

RECEIVER  CONFIGULATION 


Receiver  consists  of 

o Antenna  1 

o Low  noise  converter  1 

o FM-AM  converter  1 

o IF  cable  (30m  long!  1 

o Output  cables  for  video  1 

Sound  1 

VHF  1 

o Instruction  manual  1 


The  intomiition.  drawing,  or  any  other  din  included  herein  are  subject  to  change  without  notice. 
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12  GHz  TV  Receiver  for  Direct  Reception  from 
Broadcasting  Satellites 

By  Hiroshi  YOSHIDA*,  Hiroshi  WATANABE*,  Katsuaki  TOMODAt  and  Yasushi  KUROKAWAt 

ABSTRACT  report  deals  with  the  performance  of  a TV  receiver  for  direct  reception  of  VHP  signal  output 

from  a broadcasting  saieilite  which  will  be  launched  from  Japan  in  March  1978.  For  probable  mass 
production  in  the  future,  the  design  of  this  TV  receiver  is  simple,  compact,  stable  and  lightweight.  With  a 1.2 
meter  diameter  antenna  typical  receiver  G/T  is  13.5  dB  and  NF  is  4.0  dB.  It  features  in  a circuit  which  eliminates 
the  energy  dispersal  signal  in  a 600  kHjp.p  deviation.  Its  power  consumption  is  as  low  as  1 1 W AC. 


1.  INTRODUCTION 

Active  studies  arc  now  being  conducted  worldwide 
on  satellite  broadcasting.  In  1977,  the  tedinical  stand- 
ards for  satellite  broadcasting  were  adopted  by  W'ARC- 
BS  of  the  ITU  Radio  Conference.  A Medium-scale 
Broadcasting  Satellite  for  Experimental  Purposes  (BSE) 
was  scheduled  to  be  launched  in  March  1978  from 
Japan  (Ij.  With  full  cooperation  of  Technical  Research 
Laboratories,  Japan  Broadcasting  Corporation  (NHK), 
the  waters  have  been  working  on  the  development  and 
realization  of  a direct  receiver  since  1973  [2].  TV 
receivers  for  direct  reception  from  a broadcasting 
satelbte.  developed  and  delivered  to  NHK,  have  been 
quite  successfully  operated  in  field  tests  on  a Com- 
munication Technology  Satellite  (CTS)  [3] . 

The  writers  wish  to  report  on  the  5-channel  re- 
ceiver, which  has  been  particularly  developed  for 
Japan’s  BSE.  This  receiver  is  designed  for  direct  TV 
reception  from  a broadcasting  satellite,  with  considera- 
tion given  to  simplified  circuits  and  mass  production. 
NS’hen  compared  with  conventional  microwave  equip- 
ment, its  features  are  simple  configuration  and  low 
price. 

A. brief  exposition  will  be  made  in  this  report  on 
the  BSE,  which  is  to  be  used  with  this  receiver,  its 
e.xperimental  system  and  various  transmission  para- 
meters. Then  the  system  and  operation  of  this  receiver 
will  be  detailed,  together  with  typical  performance 
characteristics,  as  well  as  measured  value  distributions 
for  'omc  of  the  characteristics. 


2.  BSE  SYSTEM 

BSE  was  scheduled  to  be  launched  into  geo- 
synchronous orbit  at  110°E  longitude.  Its  purposes 
are  to  test  TV  signal  transmission  characteristics  and 
run  experiments  on  satellite  broadcasting  system  con- 
trol, thereby  finding  better  ways  to  meet  various 
broadcasting  demands. 

Of  BSE  earth  station  facilities,  several  stations  are 
related  to  TV  signal  transmission,  besides  the  receiver 
for  direct  reception.  They  include  the  main  transmis- 
sion reception  station,  transportable  transmission/ 
reception  stations  and  receive-only  stations.  A system 
diagram  is  shown  in  Fig.  1. 

The  radiation  pattern  from  a spacecraft  transmitting 
antenna  has  already  been  made  public,  as  shown  in 
Fig.  2[1],  Since  the  output  power  from  the  TWT 
loaded  on  the  spacecraft  is  determined  as  20  dBW, 
satellite  EIRP  is  estimated  as  over  55  dBW  throughout 
the  Japanese  mainknd,  covered  by  the  inside  zone 
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of  the  37  dBi  contour. 

The  expected  signal- to-noise  ratio  (S/AO  of  this  TV 
receiver  is  shown  in  Table  I;  while  the  video  weighted 
S/N  could  be  48.4  dBp-p/rms,  if  as  much  as  13.5  dB 
receiver’s  GIT  can  be  attained.  Modulation  parameters 
are  assumed  to  be  those  listed  in  Table  11. 

3.  RECEIVER  SYSTEM 

This  receiver  is  composed  of  an  antenna,  a 
low-noise  frequency  converter  (LNC),  and  an  FM-to-AM 
converter  (FAC),  connected  by  an  IF  cable.  Unit 
dimensions  are  shown  in  Table  111.  Receiver  structure  is 


Fig.  2 BSE  12  GHz  antenni  gain. 


Table  I BSE  link  calculation. 


S*teilue  EIRP 

55  dBW 

Pith  lou 

-205 8 dB 

Ground  receiver  G/T 

13.5  dB/K 

C!T 

-137.3  dBW/K 

Boltzmann's  constant 

228.6  i^BW/Hz/K 

Bandwidth  (27  MHz) 

j dBHz 

as 

|7.0dB 

18.9  d3 

compact  and  simple,  compared  with  satellite  communi- 
cation equipment.  This  receiver  is  designed  for  direct 
TV  signal  reception  at  anyone’s  home  from  a satellite. 
Its  antenna  and  LNC  are  shown  in  Fig.  4,  and  an  FAC 
mounted  on  a TV  set  is  shown  in  Fig.  5. 

This  receiver  employs  the  double  heterodyne  sys- 
tem. The  12  GHz  signal,  received  by  the  antenna,  is 
shifted  down  by  LNC  to  the  1st  IF  in  the  UHF  band, 
and  transmitted  to  FAC  via  the  IF  cable.  The  LHF 
signal,  which  is  related  to  the  required  channel  through 
the  1st  IF  channels,  is  again  converted  by  the  FAC 
mixer  into  130  MHz  2nd  IF.  Then  it  is  FM- 
demodulated  and  its  output  is  remodulated  into  an  AM 
signal. 

The  frequency  allocations  for  both  the  12  GHz 
band  and  1st  IF  (UHF  band)  are  shown  in  Fig.  6.  in 
which  the  1st  LNC  local  frequency  is  selected  as 
11.66  GHz.  The  FAC  output,  as  mentioned  above, 
consists  of  the  VHF-A.M  signal,  baseband  video  and 
sound  signals  and  AGC  voltage  output. 

Thb  VHF-AM  signal  is  derived  from  the  baseband 
signal  by  remodulation.  This  signal  can  be  con- 
nected from  the  FAC  directly  to  the  antenna  termi- 
nals on  ordinary  TV  sets.  Therefore,  satellite  broad- 
casts can  be  received  by  a sLmple  TV  set.  — 

Baseband  outputs  can  be  measured  to  obtain  data 
on  output  characteristics  vs  satellite  broadcast  data, 
simply  by  corurecting  the  outputs  to  video  or  sound 
monitor  equipment  or  to  test  equipment. 


Table  11  Modulation  parameter. 

1 

Modulation 

Video 

FM 

Sound 

FM-FM 

Energy  dispersal 

trianesUar  waveform 

SHF  deviation 

Video 

12MHZP-P 

Sound  subcarner 

2 MHz  ►P 

Energy  dispersal 

600kHzp-p 

Sound  atbcarrier  deviation 

50  kHz  jvp 

Emphatit 

Video 

CCIR  Rcc.  405 

Sound 

75  «sec 

Baseband  frequency  ranfe 

Video 

60  Hz  - 4 2 MHz 
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The  ACC  voltage  output  represents  the  SHF  input 
level.  Consideration  is  given  to  its  setting  for  probable 
antenna  direction  adjustment  upon  installation  of  the 
receiver  and  for  measuring  satellite  wave  interuity  after 
the  installation. 

4.  UNIT  DESCRIPTION 

4.1  Antenna 

The  antenna  that  receives  the  satellite  waves  consists 
of  a parabolic  antenna  and  its  support  bay  to  secure 
the  antenna  on  the  ground.  The  diameter  of  this 


Table  III  Typical  receiver  performance  character isticv 


Video  output  characteristics 

Output  level 

1 Vp.p/750 

Gain/frequency  response 

tO.5  dB 

DG 

2Cc  (APL  50%) 

DP 

1*  (APL  50%) 

Sound  output  characteristics 

Output  level 

0dBm/600Q 

Gain/frequency  response 

dB 

Harmonic  distortion 

1% 

VNF  output  characteristics 

Carrier  frequency  stability 

±100  kHz 

Output  level 

83dB/«V/75Q 

Frequency  response 

tl  dB 

920  kHz  IM  product 

-50  dB 

DG 

4%  (APL  50%) 

DP 

2”  (APL  50%) 

Sound  carrier  level  respect 
to  video  carrier  level 

-11  dB 

Operating  temperature  range 

LNC 

-20~-M0*C 

FAC 

0 -+40*C 

Dimensions 

LNC 

49(H)  X 92fW) 
X 289(D)  mm 

FAC 

70(H)  X 230(W) 
X 186(D)  mm 

Weigh  t 

LNC 

1.3  kg 

FAC 

3!  kg  .: 

A C oo  wer  consumption 

10.7  W,  AC^00  V. 

paraboi  c antenna  is  set  at  1.2  meters  in  order  to 
ensure  about  1 3 dB  receiver  C T.  Its  horn  is  designed 
for  mxximum  gain.  Its  gain  at  12  GHz  is  41.2  dBi  and 
58  K noise  temperature.  Antenna  patterns  are  shown  in 


Aniarma 


Fig.  3 Satellite  receiver  system  diagram. 
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Fig.  7. 

The  bay  that  supports  the  antenna  must  be 
equipped  with  both  coarse  setting  and  fine  adjustment 
mechanisms,  since  the  elevation  and  azimuth  of  the 
satellite  will  vary,  considering  the  latitude  and  longi- 
tude to  the  point  where  the  receiving  anteima  is 


installed. 

Antenna  elevation  setting  is  changed  by  either 
closing  or  opening  the  pantograph  legs  supporting  the 
antenna,  as  shown  in  Fig.  8.  Support  leg  positions  are 
chosen  along  holes  P bored  in  the  sides  of  the  support 
base.  Hole  separations  represent  10'’  elevation  steps. 


Fig.  5 FAC  on  TV  let. 


Fig.  6 Input  SHF,  1st  IF  and  2nd  IF  frequency 
aMocationi. 
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Desired  elevation  for  the  installation  location  is  deter- 
mtned.  Antenna  support  bracket  leg  positions  are 
scissored  open  or  closed  to  the  desired  configuration. 
Tlien  the  support  bracket  legs  are  bolted  into  place. 
Following  this  coarse  alignment,  fine  adjustment  is 
made  in  the  antenna  alignment  within  a l5'  range 
using  a fine  adjust  screw. 

The  azimuth  is  designed  to  be  adjustable  with  the 
fine  adjust  screw  within  ±5®  range  after  the  antenna 
bay  is  secured  at  the  precalculated  azimuth.  Both  the 
antenna  and  its  bay  are  designed  to  withstand  wind 
velocity  of  up  to  40  m/sec. 

4.2  LNC 

As  sliown  in  Fig.  9,  LNC  is  composed  of  a 1st 
mixer  (.MIX  1),  which  shifts  SHF  input  down  to  the 
1st  IF  signal  in  the  UHF  band,  an  IF  amplifier  (IFA) 
to  amplify  the  above  UHF  signal  to  a sufficiently 
strong  level,  and  a 1st  local  oscillator  (LO  1),  which 
supplies  the  local  power  to  MIX  1.  Figure  10  shows  the 
LNC  appearance. 

For  Its  main  purpose  of  a low-priced  and  stable 
receiver,  this  receiver  does  not  use  any  parametric 
amplifier  or  FET  amplifier,  yet  it  is  capable  of  low 
noise  pe.formance  by  optimuation  of  noise  figures  for 
the  aforementioned  mixer.  MIX  1 is  an  image-shorted 
circuit  employing  a GaAs  Schottky-barrier  diode  LSSll 
(NEC)  with  high  cutoff  frequency.  It  is  made  with  a 
planar  circuit  mounted  in  waveguide  (PCMW)  [4]  [S] . 
It  IS  thus  effective  la  achievuig  as  low  conversion  loss 
as  3 dB  or  lower. 

The  IFA  noise  figure  also  seriously  affects  the  total 


noise  figure  of  LNC.  Employing  the  low-noise  bipolar 
transistor  V219  (NEC)  enables  obtaining  a noise  figure 
of  about  1.5  dB  and  a gain  of  about  50  dB  within  the 
290  MHz  to  480  MHz  frequency  mnge.  LO  1 uses  the 
4 GHz  transistor  oscillator  and  a chain  of  varactor 
diode  tiipler,  aiming  at  easy  adjustmmt  and  stability. 
Tlie  1 1.66  GHz  local  power  can  be  produced  by  LO  1. 

The  4 GHz  oscillator  employs  a dielectric  resonator 
in  its  feedback  loop.  This  oscillator  and  the  multiplier 
are  both  composed  of  stripline  circuits. 

. The  average  LNC  performance  attained  by  the 
above  configurations  indicates  about  4.0  dB  noise 
figure  and  about  47  dB  gain.  Noise  figure  frequency 
characteristics  examples  are  shown  in  Fig.  1 1 . The 
cutoff  frequency  of  the  Schottky-barrier  diode,  used  in 
the  above  examples,  is  635  GHz.  Figure  12  shows 
linearity  characteristics  for  the  LNC  input  versus 
output  power.  From  Fig.  12,  it  is  apparent  that  the 
two-tone  intetmodulation  product  ratio  is  a satis- 
factory value  of  -73  dB  considering  the  fundamental 
output  at  a standard  -110  dEW  input  level  point.  CjN 
by  channel  intermodulation  is  calculated  as  67  dB, 
even  if  5 channels  are  simultaneously  applied  to  LNC. 
Therefore,  satisfactory  linearity  can  be  ensured. 


SHF 

inpul 


’loi' 


IF  output 

& 

bias  input 


Fig.  9 LNC  block  diafrun. 
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Fig.  1 1 Noise  figure  characteristics. 


4J  FAC 

A block  diagram  of  this  FAC  is  shown  in  Fig.  13. 

The  channel  selection  for  this  direct  receiver  is  achiev- 
ed by  FAC  under  the  control  over  the  2nd  local 
oscillating  frequency  in  the  varactor  tuning.  Any 
channel  can  be  selected  out  of  5 charuiels  within  the 
1st  IF  band  (290  MHz  to  470  MHz)  by  presetting  the 
tuning  voltage.  The  2nd  IF  is  130  MHz.  A bandpass 
filter  (BPF  1)  is  inserted  before  the  MIX  2 so  as  to 
bring  the  image  rejection  of  the  2nd  conversion 
performance  to  20  dB  or  more  and  the  IF  rejection  to 
30  dB  or  more,  S/A'  deterioration,  caused  by  noises 
infiltrating  from  the  MIX  2 image  band,  can  thereby  be 
suppressed  below  0.05  dB. 

BPF  2 is  a filter,  which  determines  the  receiving 
bandwidth  of  each  chaimel.  The  3 dB  bandwidth  is  set 
to  27  MHz.  The  cutoff  characteristics  hold  at- 
tenuation at  over  25  dB  at  +29.7  MHz  to  elimi- 
nate interference  from  adjacent  channels.  Both 
BPF  1 and  BPF  2 are  the  2-pole  3-section  i$t  f 
Tchebychev  filters. 

ACC  is  a forward  ACC  using  a bipolar 
transistor.  Its  output  variation  is  limited  to  less 
than  ±0.1  dB,  within  the  standard  input  range 
±10  dB.  It  is  thus  capable  of  supplying  signals  to 
the  limiter  in  the  next  section  at  an  optimum 
input  level.  The  limiter  is  a serial  limiter  using  a 
silicon  Schottky-barrier  diode.  It  is  capable  of 
AM  suppression  over  25  dB  against  input  level 
fluctuation  within  ±10  dB,  in  conjunction  with 
the  ACC  in  the  previous  'cction. 

The  FM-discriminator  is  a Travis  type.  Its 
S-curve  characteristics  are  70  .MHz  in  peak-to- 
peak  value.  IXJ  and  DP  for  this  discrimuiator 
proper  are  !'>  and  1®  or  less,  respectively.  The 


circuit  has  been  developed  to  compensate  for  distor- 
tions for  the  vertical  synchronization  period.  Figure  14 
shows  a block  diagram  of  this  video  clamping  circuit. 
The  high-pass  filter  (HPF)  of  RC  attenuates  the 


-140  -120  -100  -ao  -60 

Input  Power  (dBW) 


Fig.  12  LNC  output  power  rt  input  power. 
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fundamenul  component  of  the  30  Hz  triangubr  wave 
to  approximately  20  dB.  The  damping  circuit  it  an 
ordinary  diode  clamping  circuit  that  is  given  high-pass 
characteristics.  This  clamping  circuit  is  enable  to 
attenuate  the  30  Hz  fundamental  components  to  35  dB 
in  all.  in  conjunction  with  the  previous  HPF. 

As  the  vertical  synchronizing  signal  is  also  differen- 
tiated by  the  said  high-pass  characteristics,  and  thereby 
produces  cenairi  distortion,  such  a vertical  synchroniz- 
ing signal  is  separated  by  the  synchronizing  separator 
circuit,  and  then  applied  to  the  above  clamping  circuit 
to  compensate  for  the  distortion  in  the  vertical 
synchronization.  AFE  at  the  next  section  is  an 
amplitude-frequency  equalizer  composed  of  RC,  and 
compensates  for  the  distortion  in  the  field  blanking 
interval.  This  eliminating  drcuit  is  effective  to  suppress 
the  triangular  waveform  signal  for  energy  dispersal  by 
approximately  40  dB.  Figure  15  shows  video  signal 
waveforms  before  and  after  the  eliminating  circuit  for 
triangular  waves,  that  are  equivalent  to  deviation  at 
600  kHz  p-p  value. 

The  arQplitude  modilation  circuit,  sound  subcarrier 
amplifier  (SSA)  and  sound  demodulator,  as  shown  in 
Fig.  13,  are  all  composed  of  integrated  circuits  to 


Fi|  14  Video  cUmping  circuit  block  dia|ram. 


r I 5 Video  Mjiul  vmefomn  of  input  tupperl  ind  . 


provide  simpler  circuits.  The  bandpass  filters  and 
notch  filters  employed  in  these  circuits  for  sound 
sub  carrier  are  ceramic  filters,  thereby  obviating  any 
further  adjustment.  Obtained  DC  and  DP  values  for 
the  amplitude  modulation  circuit  can  be  as  much  as 
2%  and  3“ , respectively. 

Adding  to  the  above  FAC  configuration,  the  follow- 
ing three  requirements  were  taken  into  consideration  in 
the  design  of  this  block: 

(1)  Low  noise. 

(2)  Low  price. 

(3)  Low  power  consumption. 

For  the  low  noise  value,  particular  attention  has 
been  paid  to  the  le-  iiari.'^am,  cutoff  characteristics  of 
BPF  1 and  BPF  2,  AM  rejection  by  the  limiter  and 
balance  in  FM-discriminator,  etc.  As  a result,  the 
residual  value  of  the  video  signal-to-unweighted  noise 
ratio  (unweighted  SIN)  is  found  to  be  more  than 
60  dB,  while  a value  approximating  the  ideal  value  can 
likewise  be  obtained  for  t c :,iput  SHF  carrier  level 
versus  5/A'.  Figure  18  shows  fhese  characteristics.  For 
low  price,  the  most  component  circuits  of  this  receiver 
are  already  in  use,  and  are  quite  instrumental  in 
reduction  in  parts  prices,  in  conjunction  with  the 
simple  adjustment-free  circuits  made  of  integrated 
circuits  and  ceramic  filters. 

Low  power  consumption  an  be  manifested  by 
FAC,  including  LNC,  which  consumes  about  4 W DC 
power  in  all  and  about  1 1 W AC  power.  It  can  be 
expected  to  reduce  the  AC  power  consumption  to  5 W 
or  so  by  mans  of  switching  regulators.  It  may  aiso  be 
feasible  in  the  future  to  use  solar  batteries,  if  available 
at  cheaper  prices,  in  the  head-end  of  the  unattended 
cable  system,  by  joint  operation  with  DC  battery. 

5.  PERFORMANCE 

5.1  Noise  Figure  Distribution 

The  noise  figure  for  5 receiving  channels  has  been 
masured  for  an  LNC  unit.  Results  are  show.i  in 
Fig.  16,  together  with  the  noise  figure  data  distribu- 
tions observed  in  13  LNC  units  for  a total  of  65 
channels.  It  is  apparent,  from  this  figure,  that  the 
average  noise  figure  is  3.978  dB  (=435  K),  and  the 
standard  deviation  is  0.375  dB.  Thus,  the  noise  figure 
values  for  approximately  84%  of  all  test  channels  are 
better  than  the  suni  of  3.978  + 0.375  = 4.353  dB 
(=  505  K). 

5.2  Local  Frequency  Stability 
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ambient  temperature  of  the  1st  LO  is  quite  substantial, 
and  frequency  characteristics  vs  temperature  changes 
should  be  regarded  seriously.  Distribution  in  the  said 
diaracteristics  is  shown  in  Fig.  17.  TTie  temperature 
change  coefficient  is  counted  in  a ■♦0.32  to 
S4.7  ppm/'C  range. 

53  Signal-To-Noise  Ratio  {5/N) 

Figure  18  shows  unwciphted  S/N  performance  for 
video  and  sound  signals  together  with  the  SHF  input 
carrier  power  (O  uipu*  equivalent  carrier  to-noise 
temperature  ratio  {C/T),  where  C denotes  r=560K. 
or  the  value  in  fine  weather. 

Point  B of  the  above  figure  is  the  same  point  when 
C/r  is  equal  to  -137.3  dB.  as  shown  in  Table  I. 


Fi|.  16  Noise  fifurc  distribution. 


Point  C is  equivalent  to  the  point  where  the  C/T 
deterioration  is  1.2  dB  in  the  rain  for  155  of  the  time. 
Point  D to  the  point  when  the  C/T  deterioration  is 
2.6  dB  in  the  rain  for  0.1%  of  the  time,  and  point  E to 
the  point  when  the  C/T  deterioration  is  8.3  dB  in  the 
rain  for  0.01%  of  time  [5] . 

Point  A is  equivalent  to  the  point  where  the  C T 
inaement  amounts  to  4.7  dB,  assuming  the  same 
power  flux  density  of  -103  dBW/m^  as  the  3rd  region 
of  the  WARC-BS  technical  standards  is  given.  From 
pictu:*<  relevant  to  each  point,  it  can  be  understood 
that  this  receiver  can  be  properly  operated  for  99.99  ; 
of  time. 

All  other  baseband  characteristics  are  integrated  into 
Table  111.  These  values  that  can  be  well  accepted,  not 
only  for  direct  TV  reception  from  a satellite,  but  also 
for  communit)'  reception  and  rebroadcasting  purposes. 

6.  CONCLUSION 

The  present  study  on  the  TV  receiver,  which  has 
been  developed  particularly  for  BSE  operation,  has 


Cjmar  Power  ( C ) at  7"*  560  K ldBi\  ) 


Ftt  17  Local  fffquencj  deviation  riojt  by  ambient 


Fit  18  Valeo  and  wurtd  ji*nal-to-un«eishted  noive 


NEC  RESEARCH  & DEVELOPMENT  No.  50  July  1978 


shown  performance  sufficiently  suitable  for  practical 
operations,  despite  its  simplified  structure.  Findings 
include: 

<n  Noise  figure  distribution  for  this  receiver  shows 
84fr  of  the  samples  are  approximately  4.4dB  or 
less.  Further,  this  receiver  is  capable  of  receiving 
BSE  over  the  Japanese  mainland  with  a 99.99% 
reliability. 

(2)  A new  circuit  has  been  developed,  which  can 
eliminate  the  600  kHz energy  dispersal  signals, 
according  to  the  requirement  of  the  1977  WARC- 
BS  technical  standards. 

(3)  Solar  batteries  can  likewise  be  employed  in  this 
receiver,  for  its  DC  power  consumption  is  only 
about  4 W. 
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14/12  GHz-Band  Mobile-Type  Earth  Station  for 
Japan  ase  Broadcasting*  Satellite  Communication  System 

By  Fujio  VAM.ASHIT.A*.  Ikuro  S.ATOr.  Hiroaki  SHlMAYAM.At,  Kouichiro  YOSHIZUMIt 

and  Noriyuki  YAMASHITAt 

ABSTRACT  e.\p«rimCTita]  medium-scale  broadcasting  satellite  was  launched  on  April  8,  1978.  The 

broadcasting  satellite  communication  system  is  expected  to  operate  in  the  14/12  GHz  frequency  band 
and  be  capable  of  simultaneous  transmission  of  two  color  television  channels.  NEC  has  supplied  N'HK  with  a 
mobile-t>"pe  earth  station  accessing  to  the  Japanese  broadcasting  satellite.  This  report  describes  function  and 
performance  of  earth  sution  system  and  subsys’ems,  designed  for  using  higher  canier  frequencies,  and  station 
construction  for  mobile  use. 
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1.  INTRODUCTION 

The  Japanese  medium-scale  broadcasting  satellite 
was  hundred  in  .-Vpril  1978.  The  experimental  system 
is  intended  for  conducting  various  experiments  on  the 
transmission  of  television  signals  using  the  14/12  GHz 
bands.  .Meanwhile,  various  canh  terminal  facilities  have 
been  prepared  ready  for  use.  The  Radio  Research 
Laboratory  (RRL)  of  the  Japanese  Minisuy'  of  Posts 
and  Telecommunications  (MPT)  has  provided  the  mam 
earth  sution  equipment  .having  tncking  and  centre! 
capabilities.  Japanese  Broadcastmg  Coiporaiion  (NHK) 
has  ptepaied  a mobile-t\-pe  earth  sution.  a trans- 
portable earth  station,  .ind  simple  receive-only  termi- 
nals. 

2.  BROADCASTING  SATELLITE  COMMUMCA- 

TION  S'!  STEM  OUTLINE 

The  bfoadcastine  satelLie  communication  system 
will  be  used  to  conduct  transmission  tests  on  television 
signals  and  sound  by  using  a satellite  communication 
«)'stem.  It  is  deiL^ed  to  esub’.ish  operating  techniques 
for  the  broadcasting  satellite  communication  system  as 
I step  towaid  future  launching  of  brge  scale  broadcast 
satellites  which  will  allow  these  T\'  signals  to  be 
received  separately  by  simplified  receiving  equipment, 
thus  to  »ope  wnh  domes'.,  c broadc-st  demands  and 
contiibute  to  edujuon  and  ihe  reduction  of  fringe 
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areas  where  reception  is  poor.  The  broadcasting  satel- 
Ute  communication  system  consists  of  an  experimental 
medium-scale  broadcasting  satellite  to  stay  on  a geo- 
stationary orbit  (above  the  equator)  at  longitude 
110®E  and  associated  earth  station  facilities.  Figure  1 
shows  the  configuration  of  ihe  entire  broadcastmg 
satellite  communication  system. 

This  system  employs  the  14  GHz  band  for  .he  up 
link  and  the  12  GHz  band  for  the  down”’ link.  The 
satellite  proper  is  a 3-axis  control  type,  incorporating 
two  working  TWT  systems  and  one  stand  by  T\VT 
system,  each  tuing  a high-efficiency  100  W TWT-  It  is 
designed  to  allow  simuluneous  transmission  of  two 
television  channels.  In  1971,  the  W'ARC-ST  detemuned 
frequency  assignment  to  broadcast  satellites.  The  fre- 
quency allocation  granted  to  the  broadcastmg  satellite 
communication  system  by  the  WARC-ST  is  shown  in 
Fig.  2-  In  this  frequency'  allocation,  telemetry  ' 
command  signals  art  allocated  in  tlic  lower 
portion  of  the  500  .MHz  bandwidth  and  five 
television  channels  (A,,  Aj.  Bi,  Bj  and  Bs)  and  four 
orderwire  channels  are  allocated  in  the  upper  180  MHz 
bandwidlh  portion.  For  signal  transmission,  the  main 
earner  will  be  frequency-modulated  with  a baseband 
signal  containing  TV  video.  4.5  MHz  sound  subcanier 
and  the  orderwire  signal  will  be  frequency-modulated 
with  a voice  fiequency  signal.  The  station  reported 
heiem  is  transpotiable  earth  station  Type  B,  shown  m 
Fig.  1.  which  allows  transmission  ^nd  reception  of  TV 
signals  and  orderwire  signals  by  means  of  a 2.5  rr.d  or 
3.0  mo  antenna. 
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As  shown  in  the  system  configuration  of  the 
mobile-type  earth  station  in  Fig.  3,  the 
14/12  GHz  bands  are  employed  to  allow 
simultaneous  transmission  of  one  TV  chaimel 
(CH  Bi)  and  two  orderwire  charmels,  as  well 
as  reception  of  two  TV  channels  (CH  A»  and 
Bi)  and  three  orderwire  channels  — all  at  one 
time. 

The  appearance  of  the  broadcasting  satellite 
mobile-type  earth  station  is  shown  in  Photo  I. 
The  antenna  and  receiving  low-noise  frequency 
converter  are  mounted  at  the  rear  of  the 
vehicle.  All  other  equipments  are  accommo- 
dated in  the  van.  The  following  consideration 
ij  given  to  this  mobile-type  system. 

(1)  All  functions  necessary  for  an  earth  sta- 
tion are  mounted  on  one  vehicle  with  due 
consideration  for  mobility  and  operation 


Fig.  1 Broadcasting  satellite  communication  system 
configuration. 
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Fig  2 Transmit  canier  frequ«nc>'  arningement  for 
broadcast  satellite  communication  system. 


3.  BROADCASTING  SATELLITE  MOBILE-TlfPE 
EARTH  STATION  SYSTEM  CONFIGURATION 
AND  PERFORMANCE  lU 

Vne  broadcasting  satellite  mobile-type  earth  station 
IS  dcsig"ed  to  incorporate  all  the  equipment  necessary 
for  coirtructing  a satellite  commuitication  earth 
station  on  a vehicle.  That  is,  it  incorporates  the 
antenna,  communications  equipment,  test  equipment, 
monitoring  equipment  and  power  supply  equipment. 


ease. 

(2)  Since  RF  frequencies  in  ust  are  high  and 
the  antenna  beam  width  is  very  narrow, 
the  vehicle  strength  and  stability  are  in- 
creased so  as  to  minimize  the  pointing  error. 

(3)  The  electron  tubes  of  the  power  ampli- 
fiers and  associated  waveguides  need  not  be 
dismounted  when  driving  the  vehicle  from  point  to 
point. 

(4)  The  antenna  can  be  assembled  and  stowed  in  a 
short  time. 

(5)  The  antenna  is  designed  to  reduce  radiation  side 
lobe  level. 

(6)  Each  equipment  is  designed  to  be  compact,  light- 
weight and  shockproof,  and  for  low-power  con- 
sumption. 

(7;  Human  engineering  concept  is  adopted  to  ensure 
operation  ease  and  personnel  safety. 

Transmission  during  rain  is  described  by  the  link 
budget  in  Table  I.  An  overall  system  carrier-to-thermal- 
noise  ratio  (C/AO  of  19.6  dB  is  obtained  for  the 
Japanese  mainland  by  this  mobile  station.  To  obtain 
the  e.i.r.p.  (effective  isotropically  radiated  power)  of 
79  dBW,  with  as  small  an  antenna  as  2.5  m?5,  a 
newly-developed  2kW  klystron  tube  high-power  ampli- 
fier was  used.  This  earth  sUtion  e.i.r.p.  overcomes  the 
3dB  rain  attenuation  and  keeps  the  total  receiving 
signa!-to-noisc  ratio  of  45  dB  for  receive-only  earth 
station  having  4.5  mci  antenna  at  any  place  in  Japan. 
The  1 2 GHz  low-noise  down  converter  of  a 4.5  dB 
noise  figure  is  used  on  the  front  end  of  the  receiver 
because  of  the  small  diameter  antenna.  To  achieve  such 
a low-noise  ligure,  a recently-developed  planar  circuit 
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Fig.  3 Mobile-type  earth  station  block  diagram. 


Photo  1 Broadcasting  saiellitc  mobile-typo  earth  station. 


mixer,  mounted  in  a wave- 
guide [2]  (3]  [4] , is  employed. 

The  TV  video  signal  in  the  trans- 
mit system  is  frequena-modulated  at 
140  MHi  into  a 14GHz-band  signal, 
which  is  amplified  by  a 2 kW  klys- 
tron tube  power  amplifier  to  be  fed 
to  the  antenna.  The  orderwire  signal 
is  amplified  by  a lOOW  T\VT  and 
combined  with  the  TV  signal  at  a 
10  dB  coupling.  In  the  receiving 
system,  the  12  GHz  receiving  signal 
from  the  antenna  is  converted  to  a 
1.25  GHz  signal  by  a recen’ing  low- 
noise  frequency  converter.  .After 
being  branched,  the  TV  signal  is 
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frfqu«ncy-modulated  at  140  MHz  and  the  orderwire 
signal  at  10.7  MHz. 

The  antenna  is  a cassepain  ty^ie,  which  can  be 
mounted  on  a vehicle,  in  either  2.5  m {5  or  3mfi 
antenna  form.  The  antenna  is  designed  giving  particular 
consideration  to  the  low  level  side  lobe  characteristic. 
When  the  vehicle  is  driven  from  point  to  point,  the 
antenna  is  kept  vertical  on  the  vehicle.  Such  main 
retlector  portions  that  extend  over  the  width  of  the 
vehicle  are  divided  into  2 or  3 pieces  so  they  can  be 
stowed  tiparately. 

•>tter  adjusting  the  antenna  to  point  the  satellite 
roughly  at  the  site,  orientation  adjustment  can  be 
effected  manually  while  monitoring  the  receiving  signal 
level  in  the  vehicle.  A translator  for  use  in  loopback 
test  and  test  equipment  for  monitoring  TV  video 
signals  are  mounted  to  ensure  operation  and  mainte- 
nance ease.  To  furnish  power  for  operating  this  system, 
a compact  25  kV.A  capacity  engine  generator  is  used. 
Continuous  operation  over  long  periods  of  time,  is 
assured,  since  the  generator  uses  diesel  fuel  which  is 
also  used  by  the  vehicle.  The  major  overall  perform- 
ance of  this  system  is  given  in  Table  11. 

4.  EACH  SUBSYSTEM 

4.1  Anteruta 

The  antenna  for  the  mobile-type  earth  station  is 


fTioto  2 Recfivinj  low-none  frequency  convener 
iLNCi  uuulleti  behi/i<l  tntenna. 


Table  I Cbicutaicd  link  budfci  (TV-video  channal). 


(Ij  Up  l ink  (14  CHzJ 

Mobile  Sutioit 

Tianimit  power 

33 

dBW  (2  kW) 

Feeder  lota 

3 

dB 

Antenna  gain 

49 

dB  (2  5 md) 

EIRP  (on  axis) 

79 

dBW 

Path  lou 

207.5 

dB 

Rain  lou 

3 

dB 

Satellite  pointing  iou 

1.2 

dB 
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211.7 

dB 

Saieltiie 

Antenna  gain 

38 

dB 

Feeder  lots 

0.5 

dB 
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33.3 

dBK  (2120  K) 
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4.2 

dB/K 
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-128.5 

dBW(K 

k 

-228.6 

dBW/K  Hz 

9 

73  6 

dB/Hz  (23  MHz) 

Up  link  C/N 
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dB 

(2 j Down  Link  (12  GHz J 

Satellite 

Transmit  posver 

20 

dBW  (lOOW) 

Feeder  lou 

1.5 

dB 

Anteniu  gain 

37 

dB 

EIRP  (on  axis) 

55.5 

dBW 

Path  loss 

205.8 

dB 

Rain  lou 

1 

dB 
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1 

dB 

Total  loss 

207  8 

dB 

Mobile  Station 

Antenna  gain 

47.5 

dB  (2.5  mp) 

Noise  temperature 

29  6 

dB);  (910);)* 

C/T 
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dB/K 

CIT 

-134  4 

dBW/K 
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dBW./K  lU 

B 
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dBHz  (23  MHz) 

Down  link  CIN 

20  6 

dB 

System  C/N 

19  6 

dB 
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9 6 

dB 

FM  gain 

■ 18  3 

dB 
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12  8 

dB 
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50  7 
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* This  value  includes  the  noise  temperature  increment 
With  I dB  ram  loss. 
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designed  to  achieve  .compromise  performance  in  gain, 
noise  temperature  and  side  lobe  characteristics,  with  as 
small  a diameter  as  2 - 3 mo.  In  particular,  the  side 
lobe  peak  value  of  the  antenna  was  designed  to  meet 
the  standard  pattern  (32  - 25  log-?)  recommended  by 
CCIR  for  interference  calculation.  It  has  been  con- 
sidered rather  difricult  for  such  a small-diameter 
antenna  to  meet  the  CCIR  standard  pattern. 

Mechanically,  due  consideration  was  given  to  the 


Tabic  II  Major  overall  performance. 

Operating  frequency  ranges 

Transmission:  14.25  --  14.43  GHz 
Reception:  1 1 .95 1 2.13  GHz 
Effective  radiation 

TV:  more  than  79  dBW 
Otdetwire:  more  than  54  dBW 
Transmission  capacity 

Transmission:  1 TV  channel  2 orderwue  channels 
Reception:  2 TV  channels  + 3 orderwiie  channels 
Receiving  sy  stem  noise  temperature: 

below  640  K (Attenuation  by  precipitation:  I dB) 
Antenna  characteristics  <2.5  mp) 

Gain  (Transmission/recepiion):  50.0/48.9  dB 
Noise  temperature  (Elevation:  40®):  below  40  K 
Side  lobe  characteristics:  as  per  32-25  logS 
Movable  range: 

AZ.  -45®  - +45® 

EL;  -5®'  50® 

Video  characterisiics  (Earth  station  RF  loopback) 
Frequency  range:  60  Hz  — 4.18  MHz 
Low-l>cqucncy  line  frequency  distortion 
2T  sin*  wave  response:  Rating  factor  A'  < 1 
Signal-io-noise  ratio;  more  than  65  dB 
Differential  gam  and  differential  phase. 

DC;  1.2G 
DP;  13® 

Audio  charactenstics 

Fiequency  range:  50  Hz  — 13  kHz 
Stgnal-lo-noise  ratio  more  than  58  dB 
Orderwire  characicrisiics 

frequency  range  300  Hz  - 3 4 kHz 
Signal-lo-noisc  ratio  more  tlun  56  dU 


equipment,  shockproof  and  lightweight  features  due  to 
the  necessity  for  being  mounted  on  a vehicle,  in 
consideration  of  these  design  requirements,  a compact 
high-efficiency  cassegrain  antenna,  with  a shaped  reilec- 
tor,  is  adopted  so  as  to  obtain  a uniform  aperture 
illumination  distribution  and  low  level  side  lobes. 

A corrugated  horn,  with  corrugations  on  the  inside 
surface  of  the  conical  horn,  is  used  as  the  prunary 
radiator.  By  making  the  depth  of  the  corrugations 
2/4 --.2/2,  EHii  mode  is  produced  and  maintained.  By 
radiating  an  ideal  Gaussian  beam  having  a low  level 
side  lobe  and  by  being  symmetrical  with  respect  to  its 
axis  to  the  subreflector,  efficiency  degradation  and 
generation  of  undesired  side  lobes  due  to  spill-over 
power  are  controlled. 

For  improving  the  side  lobe  characteristics,  a shield 
plate  furnished  vtith  a radio  wave  absorber  is  employed 
around  the  periphery  of  the  main  reflector,  so  as  to 
control  spill-over  power.  In  addition,  a subreflector 
support  was  selected  experimentally  to  minimize  radio 
wave  dispersion  scattering.  A wave  absorber  is  used  on 
its  surface  to  reduce  unwanted  dispersion  scattering. 

The  main  reflector  is  divided  into  three  portions.  It 
is  made  of  FRP,  as  in  the  case  of  the  subreflector.  The 
reilector  face  is  coated  with  metal  spray.  The  retlector 
surface  accuracy  is  maintained  sufficient-for  use  at 
I-V12GHZ. 

The  feed  section  of  this  antenna  is  composed  of  a 
polarizer  [5]  used  for  roiatting  the  polarization  piai^e 
and  an  orthomods  transducer  for  branching  the  trans- 
mit and  receive  signals.  The  broadcasting  satellite 
polarization  system  is  a linear  polarization,  where 
transmit  signal  and  receive  signal  polarizations  are 
parallel  to  each  other.  In  order  to  combine  and 
separate  those  transmit  and  receive  signals  in  an 
anteima  feed,  a diplexing  filter  has  been  conventionally 
used.  However,  the  design  of  the  diplexing  i liter 
introduces  difficulty  in  obtaining  a new  filter  wiuch 
can  handle  high  power  up  to  2 k\V.  Therefore,  m the 
antenna  feed  design  to  solve  the  above  defects,  a 
specific  polarizer  using  a O/.t  phase  shifter,  wiuch  has 
been  newly  developed  to  vvithsund  up  .3  2 k\V  power 
and  which  reduces  the  loss  in  the  antenna  feed  section, 
is  employed  in  this  system.  The  polarizer  is  a rotary 
type,  which  provides  a relative  phase  difference  of  O' 
in  the  14  GHz  band  and  180®  in  the  12  GHz  band.  .\s 
shown  in  the  Fig.  4,  when  the  transmitting  and 
receiving  linearly  polarized  waves,  which  are  orthogonal 
to  each  other,  are  applied  to  the  onliomode  trans- 
ducer. the  12  GHz  wave  causes. polarization  rotation 
and  the  14  GHz  wave  causes  no  rotation  oi 


-18- 


C:' 

A£C  RESEARCH  4 DEVELOPMENT  No.  50  July  1971 


pobrization  plane,  allowing  transinission  and  reception 
of  paraUel-linearly  polarized  waves.  Axial  rotation  of 
the  feed  section  enables  easy  adjustment  of  its  polari- 
zation plane  to  that  of  the  broadcasting  satellites.  An 
e.xample  of  test  data  obtained  from  the  wide-angle  side 
lobe  measurement  of  the  3 m-5  Cassegrain  antenna  thus 
designed  is  shown  in  Fig.  5.  These  data  sufficiently 
meet  the  required  performance  specifications.  A 
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con>«ftef 

^ 14  CHt 
/■t2  GHi  wav* 


measured  anterma  noise  temperature,  as  shown  in 
Fig.  6,  e.\hibits  an  excellent  characteristics  in  spite  of 
the  use  of  a radio  wave  absorber. 

4.2  Receiving  Low-Noise  Frequency  Converter 

This  equipment  is  designed  to  be  connected  directly 
to  the  1 2 GHz  output  of  the  antenna  feeder  and  is 
housed  in  a waterproofed  cabinet  case.  The  receiving 
1 2 GHz  band  signal  is  converted  by  this  equipment  to 
the  1.25  GHz  first  IF  signal  having  a bandwidth  of 
180  MHz.  This  equipment  is  designed  to  minimize 
noise  figure  with  a simple  circuit  configuration.  For 
this  purpose,  the  RF  section  is  constructed  by  a 
microwave  planar  circuit  [2J  (3)  [4] . A low-noise 
GaAs  FET  (2SK-85),  manufactured  by  NEC,  is  employ-, 
ed  for  preamplification  of  the  1.25  GHz  band,  obtain- 
ing an  e.xcellent  oveniil  noise  figure  of  less  than  4.S  dB, 
as  shown  in  Fig.  7. 


Fig.  4 Pcl-xoition  rotation  at  Of*  phase  shiAer. 


Fig.  5 Aoienna  radiation  pattern  (3 
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Fig.  6 Antenna  noise  lemperature. 
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4.3  High-Power  Amplifier 

This  U a high-power  amplifier  in  the  14GH2-band 
television  signal.  It  uses  a 2 kW  klystron  tube.  This 
equipment,  designed  for  use  on  a vehicle,  has  compact, 
li^tweight  circuits  whose  power  consumption  is  low, 
involving,  particularly,  less  rush  current  upon  switching 
on  the  high  voltage  power  supply. 

A negative-resistance  Gurui  amplifier  is  employed  in 
the  exciter  stage.  All  circuits,  except  for  the  klystron 
tube,  are  solid  state,  assuring  high  reliability.  The  2 kW 
klystron  tube  LD-4198  (6]  has  been  newly  developed 
through  joint  research  with  NHK’s  Technical  Res';arch 
Laboratories.  This  klystron  tube  features  compactness, 
1 igh  gain,  high  efficiency,  forced  air  cooling  and  a ’ong 
service  life.  The  tuning  range  of  the  klystron  tube  is 
14,0  ~ 14.5  GHz.  A 3-channel  preset  tuner  witli  a 
50  MHz  tuning  bandwidth  ( 1 dB  bandwidth)  is  provid- 
ed by  using  five  cavities.  An  external  view  of  the  2 kW 
klystron  tube  is  shown  in  Photo  4. 

A 100  W T\VT  is  used  for  orderwirc  signals  power 
amplification.  A 10  dB  directional  coupler  is  employed 
for  combining  the  orderwire  signal  with  the  TV  signal. 
Photo  3 shows  an  external  view  of  the  power  amplifier. 
The  power  amplifier  seen  on  the  right  is  a 2 kW 
klystron  tube  power  amplifier.  That  on  the  left  is  a 
lOOW  power  amplifier  with  an  associated  output 
waveguide  circuit.  These  two  power  amplifiers  are 


accommodated  in  separate  cabinets,  each  measuring 
700  mm  wide,  750  mm  deep  and  1650  mm  higli. 

The  lOOW  TWT  power  amplifier  bay  incorporates 
an  output  microwave  circuit,  which  comprises  a har- 
monic filter,  a waveguide  switch,  a 2 k\V  dummy  load 
and  an  automatic  power  control  circuit  which  stabilizes 
the  TV  signal  carrier  output  power.  These  power 
amplifiers  are  designed  to  assure  easy  transportation 
and  operation  for  use  on  a vehicle.  Consideration  is 
also  given  to  shockproof  property,  requiring  no  coupl- 
ing disconnection  in  the  waveguide  system  when  the 
vehicle  is  moved  from  place  to  place. 

4.4  TV  Transmitter  and  Receiver 

This  equipment,  incorporates  modulation,  de- 
modulation and  frequency  conversion  functions  for 
one  TV  transmit  channel  and  nvo  TV  receive  channels 
in  a bay.  In  the  TV  transmit  modulator,  the  TV  video 
signal  is.  after  pre-emphasis  (as  per  CCIR  405-1), 
passed  through  a low-pass  filter  and  combined  with  the 

4.5  MHz  sound  subcanier,  then  frequency-modulated 
by  The  140  MHz  band  modulator. 

The  FM  modulator  conducts  reactance  modulation 
by  a variable  capacitance  diode  and  employs  two  kinds 
of  digital  counter  type  AFCs  for  frequency  stabiliza- 
tion. The  AFC  system  in  use  incorporates,  in  addition 
to  a conventional  average  type  AFC  circuit,  a keyed 
AFC  circuit  for  simplified  receiving  stations  using 
FM-AM  converters.  Either  of  these  two  AFC  circuits 
can  be  selected. 


Photo  3 14  GHi  band  2 tVV  and  100  W power  ampli- 
Tiert. 
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Photo  4 2 kW  klyitron  tube. 
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lUbiltty  is  maintained  with  jacks.  The  jacks  are 
hydraulically-operated  and  can  be  operatei  singly. 

(3)  An  engine  generator  (3^.  200  V,  25  kVA)  is 
included  for  use  at  locations  where  commercial 
power  is  not  available.  Continual  operation  foi  ten 
hours  is  allowed  at  35“C  at  1000  meters  altitude. 
The  diesel  engine  in  use  was  made  by  the 
manufacturer  of  the  vehicle  engine  and  assures  ease 
of  maintenance. 

(4)  An  8400  kcalTt  cooling  capability  airconditioner  is 
used  to  maintain  equipment  operition,  including 
the  large  heat  dissipation  high-power  transmitter  at 
optimum  temperature.  The  interior  temperature  is 
kept  below  27 *C,  even  at  an  outdoor  temperature 
of  35’C,  which  is  the  average  high  temperature  in 
Japan. 

(5)  Careful  consideration  is  given  to  measures  against 
pollution,  such  as  noise  and  exhaust  gas  from  the 
engine  generator  and  to  operation  safety  by 
providing  an  ITV'  for  monitoring  the  road  at  the 
rear  of  the  vehicle  while  it  is  being  driven. 


Engine  generator  control  board 


Monitor  aqoipmeot 

1 OW  transmit  & receive  aouipment 
I j TV  recaivo  aguipment 


Photo  6 MCHi  band  power  amplifiet  installed  in 
vehicle.  » 


0 Antenna 
@ Dehydntor 

0 Low.noisc  receiver  frequency-converter 
0 TV  receiver 
0 2 WW  power  jmplifier 
0 100  W power  amplifier 

0 TV  transmitter 
0 Orderwire  equipment 
0 Monitor 
0 Enfine  fenerator 
0 Power  distribution  hoard 
0 Airconditioner 


PholoS  Monitor,  OW  iransmii  1 receive  equipment, 
and  TV  receive  equipment  msulicd  in  vchielc 


Fig.  8 Equipment  byoui. 
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In  the  keyed  AFC,  the  frequency  of  the  IF  signal 
corresponding  to  the  backporch  portion  of  the  video 
signal  is  counted  down  and  phase-compared  with  a 
reference  frequency  by  the  crystal  oscillator  to  pro- 
duce a voltage  in  proportion  to  thiC  frequency  differ- 
ence. The  voltage  is  fed  back  into  the  modulator  to 
maintain  a frequency  corresponding  to  the  backporch 
portion  at  a constant  137.6  MHz. 

In  the  average  AFC,  the  average  of  the  modulator 
output  frequency  is  controlled  to  a frequency  of 
140  MHz. 

The  IF  signal  is  converted  to  a 14GHz-band  signal 
by  a frequency  converter,  which  is  fed  to  the  high- 
power  amplil'ier. 

In  the  TV  receive  demodulator,  the  1.25  GHz 
receive  input  signal  from  the  low-noise  frequency 
converiei  is  branched,  obtaining  140  MHz  signals  in  the 
respective  channels  (channels  A and  B),  which  are  then 
FM  demodulated.  In  the  TV  sound  subcarrier  transmis- 
sion system  used  for  satellite  transmission,  6.2  or 
6,8  MHz  is  generally  employed  as  the  subcarrier  fre- 
quency. Jn  tliis  broadcasting  satellite  communication 
system,  however,  the  subcarrier  frequency  is  made 

4.5  MHz  in  consideration  of  future  individual  recep- 
tion. Since  the  frequency  difference  between  the 
ma.ximum  video  signal  frequency  (4.18  MHz)  and  sub- 
carrier frequency  is  very  narrow,  severe  performance  is 
required  for  the  filter  used  for  separating  and  combin- 
ing these  fwc  frequencies.  Tliis  low-pass  filter  for  TV 
signal  use  also  conducts  delay  equalization  in  1 1 stages, 
meeting  the  required  characteristics  speci.Gcations. 

4.5  Orderwire  Transmit  and  Receive  Equipment 

In  this  broadcasting  satellite  communication  system, 
a 1.5  MHz  band  is  provoded  in  the  channel  Bi  high 
frequency  range  for  orderwire  transmission.  Four 
ordervvire  frequencies  arc  assigned  at  intervals  of 
3C0  kHz  in  the  1.5  MHz  band.  This  equipment  in- 
corporates orderwire  transmit/receive  functions  for  two 
transmit  channels  and  three  receive  channels  in  a bay. 
Various  operating  modes  can  be  selected  by  depressuig 
pushbuttons.  Orderwire  signal  is  frequency-modulated 
by  a 140MHz-band  modulator  with  high  frequency 
siabiliiy  into  a 14  GHz-hand  signal.  The  receive  signal 
IS  frequency-converted  to  a 10.7  MHz  signal  and  then 
FM  demodulated.  Since  the  orderwire  carrier  frequency 
drd!  IS  more  than  100  kHz  due  to  the  frequency 
uncertainty  of  the  local  oscillator  in  the'  satellite 
transponder,  Doppler  shift  and  the  frequency  un- 
certainly of  the  receive  local  oscillator,  use  of  "an 
ordmary  F\1  dem-dulaior  will  require  adoption  of  an 


AFC  circuit  for  meeting  the  less  than  SC  kHz  specifica- 
tion  requirement  in  equivalent  noise  bandwidth.  Ac- 
cordingly, a PLD  (phase  lock  modulator)  having  fre- 
quency tracking  capability  is  adopted.  The  PLD  equiva- 
lent noise  bandwidth  is  approximately  30  kHz. 

4.6  Test  Equipment 

A 14/12  test  translator  and  a monitor  are  emplt^ed 
as  the  mobile-type  earth  terminal  test  equipment.  The 
14/12  GHz  test  tianslator  picks  up  a portion  of  the 
14  GHz -band  high-power  amplifier  output  by  a direc- 
tional coupler.  This  output  is  frequency-converted  to  a 
12  GHz -band  signal  to  be  fed  io  the  receiving  low-noise 
frequency  converter.  By  this  translator,  the  transmit 
signal  is  looped  back  to  the  receive  side  to  allow 
various  performance  measurements.  The  monitor 
consists  of  a video  distribution  amplifier,  video/sound 
switcher  for  monitoring,  various  types  of  measuring 
instruments  for  video  and  sound,  and  a spectrum 
analyzer.  The  switcher  for  monitoring  allows  selection 
of  transmit  signal,  receive  signal,  or  loopback  signal, 
whichever  is  desired  to  be  measured.  The  monitor  is 
furnished  with  an  antenna  control  panel  used  for 
manual  control  of  the  antenna  position  and  indication 
of  azimuth/elevation  of  the  antenna.  Photo  5 shows 
equipment  installed  in  the  vehicle. 

4.7  Vehicle 

Features  of  the  vehicle  designed  to  mount  the  earth 
terminal  are  as  follows.  Photo  6 shows  the  engine 
generator  and  high-power  amplifiers  installed  and  Fig.  8 
sFiws  the  interior  layout  in  the  vehicle. 

(1)  To  allow  movement  to  desired  locations  through- 
out Japan,  the  vehicle  is  designed  to  be  compact 
and  have  advanced  traveling  performance.  For  this 
purpose,  a 2-axis  chassis  having  a 4.7  meter  wheel 
base  is  used. 

However,  since  the  standard  engine  with  this  class 
of  chassis  is  somewhat  small  for  the  net  weight,  a 
higli-power  engine  is  used  to  provide  a margin  in 
power  per  unit  weight.  In  order  to  increase  the 
traveling  performances,  the  weight  balance  of  the 
vehicle  is  improved  and  a method  of  mounting  the 
antenna  was  dev^ed  so  that  its  center  of  gravity 
could  be  loweied.  The  equipment  layout  allows 
systematic  signal  transfer  between  equipment. 
Vehicle  specifications  are  given  in  Table  III. 

(2)  The  chassis  is  reinforced  to  allow  operation  even 
under  a wind  velocity  of  25  mcter'sec  with  the 
antenna  beam  angle  defiection  being  within 
±0.25“.  Durmg  equipment  operation,  vehicle 
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Table  III  Mijot  ».-hicle  ipecifiotioiii. 
Vehicle: 

BD40  (modiTied)  maimfactured  by  Tfutu 
Total  engine  diapLaoement: 

1 2.023  Ul*:n 
Vehicle  dimendons 

8.95  m U >.  nW  .3.35  ;n(H) 
Interior  dimcnnoff 

4.00  m' ' ■ ■’  m(VT  K i.90  m(H) 

Piscrij'??  C-:  a.-’V- 
4 per  .O'. 

l39fJVg 

Frori  wheel  !:■.  :iing  ratio  u»  loaded  condition: 
35.6ft 

Ma.xinuin  stable  inclination: 

Right;  30* 20' 

Uft;  30*  20' 
fiTa.xirnur>)  speed; 

1 10  kmy'h 

Maximum  gradcability: 
sinJ  ■ 0.304 
Minimum  turning  radius: 

8 meters 

Maximum  engine  horse  power; 

260  PS' 25  00  rpm  


5.  CONCLUSION 

After  being  supplied  to  NHK  in  March  1977,  this 
ss'stem  has  been  used  for  many  experiments.  After  the 
launching  of  the  Japanese  experimental  medium-scale 
broadcasting  satellite,  this  system  will  be  used  for 
varieties  of  experiments,  putting  the  broadcasting  satel- 
lite into  practical  use. 
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APPENDIX  F 

GROUND  TERPJilNALS  FOR 
MEDlUf-l-SCALE  BROADCASTING 
SATELLITE  FOR  EJ(PERIMENTAL 
PURPOSE. 
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and  Michikiyo  Takahashi, 

Mitsubishi  Electric  Corporation  (MELCO) 
Shozo  Nishimura,  and  Akira  Amano 


AmITSUBISHI  ELECTRIC  CORPORATION 


I.  INTRODUCTION 

Japan’s  first  expfiinental  broidcisting  $ateilif« 
was  launched  into  iU  stationary  orbit  above  tht; : -r 

at  long.  no“E.  in  April  1978.  For  carrying  on  sstci- 
lite  broadcasting  service,  it  was  assigned  the  <■  '‘J- 
bands  of  12GHz  (down-link)  and  UCHz  (up  . ■ »<■ 

using  these  band:,  full  fledged  experiments  are  cur.cr.tiy 
conducted  to  assure  the  feasibility  of  color  TV  trans- 
missior<  system  by  the  Mcdiutn-scrtie  Bi  v-<’..rtiri5,  Satel- 
lite for  Experimental  Purpose. 

The  earth  station  terminals  of  the  expp  ■ 
utellite  broadcasting  system  co—pn  e the  fi; 

(1)  Main  Station  (Kashima  Branch  of  Riid>c  P'  -■ri  ; 
Laboratory  of  the  Minis’ry  of  **ost  an«  lei. 
communications). 

(2)  Transportable  Type-AStation(Transportable  typt 

(3)  Transportable  Type-B  Station  (Mobile  type). 

(4)  Various  types  of  TV  receive-only  stations. 

(5)  Direct-to-home  type  Receivers. 

The  numerous  R&D  efforts  have  been  made  on 
these  terminals  to  enable  them  to  be  the  most  suitable 
ones  for  the  experiment  objectives,  ^ad  the.  '■  ve  al- 
ready been  installed  in  various  sites  h»  Japan. 

Most  of  n**wly  ■;  '';(abU:-hed 

through  the  above  KAD  el;  * .v  -v  luce  new 
concepts  in  the  RP  c;rcuits  of ;..  ' ' ' > ' nal  < luip- 

menu  on  the  14/12Gi  -^  ■ j<  ..  . • : .ae  lov  -loise 

converter  to  be  at  wieved  b <f  a , .ner  circuit 

mounted  in  the  wavtLUide,  ' tr,uismitter, 

the  antenna,  ami  ih-  dlre':^!'.  ■i.r  - n . ■ for  the 
FM  TV  viPT.  ds. 

M cons‘ri-..vv . nt^  perform- 
ance- of  tin  a..’e  Type  v if-  - station  term>- 

nal.  (he  moode  TV  ; ■;eiv«  mly  e:»  ’h  st?'.  jn  terminal, 
and  direct-to-home  itceivers  that  were  researched  and 
developed  by  Mitsubn.hi  Electric  Corporaiion  (MELCO) 
under  the  sure.'  ^ion  of  Japan  Broadcasting  Corporation 
(NHK).  and  ■.  anufactu!  id  by  ME'  vO  for  being  inte- 
Srated  in  the  toirJ  >;  o.  It  gives  also  >he  summary  of 
the  experimental  satellite  brc/adc'rt'n;  s-  :tem. 

1 SUMMARY  Or  ' <PFh  MENTAL  SATELLITE 
broadcasting  SYSTEM 

The  experimental  mterite  broadcas*ing  system 
uses  the  14/1  JCHz  bac:  w.icse  iransr.ission  parameters 
are  shov.m  in  Table  1.  The  medium-scale  broadcasting 

satellite  and  ; '.,:is  experimental  ground  terminals  com- 

prising the  » 'v.ei’'  ji'  shown  in  Figure  I. 

The  experiment  objectives  are  to  confirm  (1)  the 
fui.aamental  performances  when  televis.ng  the  TV  pro- 
grams via  the  satellite  from  the  various  type  transmit 


;iarth  icmir.als  set  .p  in  various  points  of  the 

r-ife.  liar. ' 'an  Gri'.l' t » jt  remote  islands)  and  (2) 

f\-i  t,!.!"  i cf  whether  it  is  possible  to  com- 

I - » . letv/ork  ieldinr  the  receive  video  quality 
'^orming  ' ■ iht  bioadcasting  quality  standards 
by  direct-.o  .lome  recciv.-;r  with  inservice  time  availa- 
^1’  -V  )%  ur  v ard. 

. ii  ivorda.  these  objectives  call  for  the 

fc’Jowing: 

v’ f fcst  .blishment  of  techniques  on  FM  system  re- 
quired for  enabling  the  majority  of  the  TV  audi- 
tors receiving  the  TV  signals  from  the  satellite  to 
fudge  the  picture  quality  rated  as  TASO  1 (Excel- 
lent) on  setting  up  a network  to  secure  the  rated 
S/N  ratio  of  45dB  with  the  above  time  availability. 

(2)  Research  on  operational  scheme. 

= 3)  Development  of  new  techniques  for  the  ground 
terminals. 

(4)  Collection  of  propagation  data  for  the  14/12GHz 
band  covering  the  entire  mainland  of  Japan. 

The  link  frequency  spectra  of  the  broadcasting 
satellite  network  are  shown  in  Figure  2.  As  can  be  seen 
from  these  spectra,  two  transponders  are  used  to  form 
A-channel  and  B-Channel.  And  each  of  these  channels 
m divided  into  five  subchannels.  Al.  A2,  Bl,  B2,  and 
B3,  which  are  allocated  according  to  the  experuneni 
objectives.  The  ground  terminals  are  designed  on  the 
basis  of  having  A and  B Channels  together  cover 
180MHz  band. 


Table  1.  Transmission  Parameters  of  Broadcasting 


Satellite  System 

1. 

Television  Signtl 

Video  Frequency 

60Hz-^  18MHz 

Frequency  Deviation 

12MHZP-P 

Emphasis 

CCIR  Rec.  405-1(525/60) 

Modulation  Polaiity 

Podtivc 

Energy  Dispersal 

6C0kHzp-p 

(Symmetry  tiianculir  with 

waveform  synchronumg 
(he  field  blanking  interval) 

Transmit  AFC 

DC  average/keyed  AFC 

2. 

TV  Sound  Signal 

Sound  Frequency 

50Hz-~15kHz 

Subcarrier  Frequency 

4.5MHz 

Subcarrier  Frequency 
Deviation 

t25kHz 

Subcarriers  RF  Frequency 
Deviation 

: ±lMHz 

Emphasis 

; 7Sus 

3. 

RF  Allocated  Bandwidth 

TV  Channel 

: 23MHz 

4. 

Order  wire  (OtVl  Signal 

Voice  Frequency 

: a3-34kHz 

Test  Tone  Frequency 
Deviauon 

: ±6  8kHz 

Occupied  Danduidth 

: 20kHz 

Down- Link 


IMtNUMO  IMTlM  IWTiWi  CATfWWPA 

ttMA.rOftv  TMMNTOAV  TIMIMTOM^  WAMfCM  AMO 

o»  mol  OKMAMA 


Figure  1.  System  Block  Diegram  of  Satellite 
Broadcasting  System. 


Figure  2.  Link  Frequency  Spectra  of  Broadcastirvg 
Satellite  Network. 


Table  2.  Typical  Link  Parameters  of  Broadcasting 
Satellite  Link 


Up- Link 


1.  Type  of  Staboni 

Transportable- A 

T :aniportable-B 

Siauon  (Mam- 

StaQon  (Remote 

land) 

Islands) 

Antennt  Dia 

4.Smd 

4.5mp 

EIR?(99  9^.) 

SldBw/84dBw 

81dBw/84dBw 

1 Lip-Link/S*tcUite  Receive 

Paih  Lou 

207. 3dB 

206.9dB 

Rain  Lou 
(99  9%) 

OdB/JdB 

0dB/3dB 

Satellite  Receive  : 
Aiurnna  Gam 

37.0dB 

30.  OdB 

Potnune  Error 

1 OdB 

3.0dB 

Feeder  Lon 

asdB 

O.SdB 

System  Noue 

32.6dBK 

32.6dBK 

Temperarurt 

. • 

Up- Link  CNR 

31  SdB 

22.9dB 

1.  Type  of  Stationt 

Trani- 

TCrtable-A 

Station 

(Main- 

land) 

Receive 

Only 

Station 

(Entire 

Territory) 

Receive  Only 
Siatioo 
(Remote 
Island) 

Antenna  Dia  : 

4.Smp 

Limp 

4.Smp 

System  N<mm  : 
Tcmperatuie 

910K 

660K 

«40K 

Earth  Station : 22-9dB/K 

C/T 

2.  Satellite  Trantmit/Down  Link 

14.8dB/K 

24.3dB/K 

Satellite 

EIRP 

SS.SdBw 

tfS.SdBw 

4«.SdBw 

Pointinf  Error 

: l.OdB 

I.OdB 

I.OdB 

Path  Lou 

20S.8dB 

205. 8dB 

205.4dB 

Rain 

Lon  (99.9%) 

ldB/7dB 

ldB/7dB 

ldB/7dB 

Receive 

Anttnna 

Tracldiig 

Error 

O.SdB 

lOdB 

Down-Link  ' 

:3.SdB/ 

l«9dB/ 

lS.3dB/ 

CNR 

iS.SdB 

9.9dB 

9.3dB 

Recaivinf 

-(('•.6 '.3m/ 

-79.3dBm/ 

-80.4  dBm/ 

Level 

~:s  ''dBm 

-Stj.3dBm 

-87.4dBm 

Overall  Link 


Total  CNR 

(Transmit 

24.5dB/ 

>.6.7dB/ 

16.2dB/ 

from  Main- 
land) 

18.3dB 

/.9dB 

9.3dB 

Transmit 

23.«.iS/ 

15.9,^B/ 

lS.4dB/ 

from  Remote 
Island) 

9.7dB 

9.1dB 

The  design  of  the  satellite  link  calls  for  the  para- 
meters  , ...ding  the  weighted  S/N  ratio  of  45dB  based  on 
a station  in  the  mainland  of  Japan  having  an  antenna 
of  1.6m  diameter  and  a receiver  of  600K  system  noise 
temperature.  The  performance  requirements  for  these 
small  stations  including  dircct-io-home  receivers  are  re- 
laxed as  much  as  possible,  fundamentally  the  same 
concept  as  for  the  ordinary  TV  broadcasting  service 
network  to  make  them  economy. 

The  fixed  group  delay  characteristics  including 
those  of  the  satellite  transponder  are  to  be  all  equalized 
at  the  transmit  station.  Table  2 shows  a typical  link 
parameters  of  the  Broadcasting  Satellite  Link. 


3,  TRANSPORTABLE  TYPE-A  STATION 

(TRANSPORTABLE  ON  KNOCKDOWN  BASIS) 

The  fundamental  requirements  of  the  transport- 
able Type-A  earth  station  terminal  (hereinafter  called 
the  Type-A  station)  are  as  follows. 

(I)  Any  one  subchannel  of  its  five  subchannels  of  Al, 
A2,  Bl,  B2,  and  B3  be  selectable  and  usable  for 
transmission  of  telecasts. 
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Figurt  3.  External  View  of  Transportable- A Eartb 
Station. 


(2)  Any  one  subchannel  in  each  of  A and  B channels 
be  usable  simultaneously  for  reception  of  telecasts. 

(3)  Transmission  to  or  reception  from  the  main  sta- 
tion (Kashima  Branch  I or  a transportable  station 
of  audio  and  data  transmission  signals  be  possible 
via  the  FM  orderwire  circuit  (OW)  m the  B3  sub- 
channel. 

(4)  The  station  be  of  small  size  and  light  weight, 
enabling  its  setting  up  in  a short  time  and  ease  of 
withdrawal  (removal)  and  transportation.  And 
upon  once  being  set  up,  it  be  usable  for  a stable 
operation  over  a long  period. 


Figure  3 shows  an  external  view  of  the  Typc-A 
station,  which  was  developed  and  designed  to  meet  the 
above  requirements;  and  Figure  4,  its  overall  block  dia- 
gram. As  can  be  seen  in  the  figures,  the  station  can  be 
roughly  divided  into  two  main  components,  i.e..  the  4.5 
m dia  antenna  and  the  equipment  shelter.  All  of  the 
transmit  and  receive  equipments  (excluding  the  low- 
noise  converter)  and  the  antenna  control  equipment  can 
be  accommodated  in  this  shelter. 

The  high-power  amplifier  (HPA)  employs  a 5- 
cavity  klystron  of  2kW  saturated  output  power,  and 
covers  the  180MHz  band  spread  over  two  channels  by 
means  of  a 3-siop  preset  tuning  mechanism  Its  exter- 
nal view  is  shown  in  Figure  5.  When  transporting  the 
shelter,  the  only  things  th^t  need  to  be  done  arc  to 
remove  the  klystron  and  the  i raveling- v^ave  tube  of  the 
OW-HPA. 

The  antenna  is  of  a cassegrain  type,  and  is  sup- 
ported by  an  X-Y  type  mounting.  For  yielding  trans- 
portability over  the  entire  mainland  of  Japan,  it  was 
designed  to  enable  it  to  be  set  up  easily  and  pointed  at 
the  satellite  without  precise  adjustments.  And  it 
possesses  the  function  of  autcmaucaliy  tracki.ng  the 
satellite  in  iS*  steps  by  means  of  the  step-tracking 
system. 

When  carrying  on  high-power  transmission  with 
this  type  of  small-diameter  antenna,  the  wide-angle  side- 
lobe  characteristics  of  the  antenna  become  extremely 
important  from  the  standpoint  of  causing  interference 
to  other  terrestrial  networks,  preventing  effective  utili- 
zation of  the  sateUite  orbit,  etc.  So  good  perfomrance 


Figure  4.  Overal  Block  Diagram  of  Transportible  A Eif'ii  Station. 
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characteristics  were  obtained  by  taking  various  counter- 
measures such  as  the  adaption  of  a corrugated  horn, 
optimizalioi:  of  the  diameter  ratio  between  the  main 
reflector  and  subrtflector.  reduction  of  unnecessary 
scattering  by  use  of  a shaped  reflector  and  a specially 
shaped  tripod  of  *ubreflector.  These  characteristics 
were  reported  in  CCIRiSo-4)  of  May  1976. 

The  front  end  of  the  receiving  subsystem  adopts 
the  low-noise  converter  that  consists  of  a planner  circuit 
mounted  in  the  waveguide,  converts  the  receive  signal 
into  that  of  the  1.25GHz  band,  amplifies  it,  and  dis- 
tributes it  to  the  respective  receiving  channels.  By  use 
of  this  converter,  the  receiving  performance  with  the 
system  noise  temperature  below  the  specified  limit 
and  the  180MHz  wideband  characteristics  are  simulta- 
neously obtained. 

The  modem  for  the  TV  signal  has  an  IF  frequency 
in  the  140MHz  band,  which  is  converted  to  a !4GHz 
signal  by  the  up-converter  of  the  transmit  system.  For 
demodulation  TV  signal  the  1.25GHz  receive  signal  is 
converted  to  a 140MHz  signal  by  the  down-converter  of 
the  receive  subsystem. 

The  OW  modem  also  has  an  IF  frequency  in  the 
140MHz  band,  and  performs  the  FM  modulation  and 
demodulation  of  the  FM-SCPC  signals  for  four  channels 
each  of  transmit  and  receive.  The  demodulator  has  a 
± 1 50kHz  puU-in  range  and  adopts  the  PLL  type  thresh- 
old extension  demodulator,  and  aims  to  improve  thresh- 
old characteristics. 

The  overall  performance  of  the  Type-A  station 
equipped  with  the  above  equipments  is  given  in  Table  3. 


Figure  5.  2kW  Klystron  High  Power  Amplifier  (HPA). . 


TaWe  3-  Performance  of  Transportable -A  Earth  Statiai. 


1.  Frequency  Range 
Transmit 


Receive 


^ rtBB 

TV  Tranmiit 
OW  Transmit 

3.  System  Noise 
Temperature 

4.  Transmit  Stability 

EIRP 

Frequency 

i.  Overall  Loop  Performance 

(1)  TV  Video 

Baseband-to- 
Baseband  Gain/ 
Frequency 
Response 

Baseband-to- 
Baseband  G oup 
Delay  Response 

SNR 


DC  . DP 

Wtvefotm 

Distortion 

(2)  TV  Sound 

Baseband-to- 
Baseband  Gain/ 
Frequency 
Response 

SNR 

Cross  Talk  SNR 

Distortion 

(3)  Orderwire 

Baseband-to- 
Baseband  Gain/ 
Frequency 
Response 

SNR 

Distortion 
6.  Anteiuu 
Gain 


Si  delobe 


Noise  Temperawre 

Polarization 

Trxking 


14GHz.  «ie  of  TV 
channel  in  Ai,  Ai  or 
Bi.  Ba,  and  Ba 
OW  ch  !-4 

: 12GHz.  one  of  TV 

channel  in  Ai  or  Aj. 
and  one  in  Bi  or  Ba 
orBi  OWch 


: 8ldBw(-s3 — lOdB 

Variable) 

; S6dBw/ch(0-^10dB 
Variable) 

Less  than  910K  (at  IdB 
tain  drop  attenuation) 


Less  than  O.SdB/day 
Better  than  1 x 10“* 


Within  ±aSdB/60Hz- 
4.18MHz 


; Within  t30ns/3.S8MHz 


(Periodic  Noise) 

Mere  than  SOdB  (p-p/p-p) 

(Random) 

More  than  60dB  (p-p/rms) 
Less  than  3%.  less  than  2* 
vLine  Time)  within  il% 
(Field  Time)  within  ±1% 
(2T  sin^  Response) 


Within  ±a5dB/50Hz- 
13kHz 


Better  than  60dB 

Better  than  S5dB 
(rms/rms) 

Less  than  1% 


Within  ±ldB/300Hz- 
3.4kHz 


Better  than  45dB 
Less  than  5% 


(Transmit)  better  thin 
(54.0+201og/(CHz)/l4.25) 

dB 

(Receive)  better  than 

(52.5+20lO6f(GHz)/ll.95) 

dB 

(1st  Sidelobe)  lower  than 
-14dB 

(1®~48“)  lower  than 
(32-251og(?)dBi 
(48“— 180“)  lower  than 
-lOdBi 

Lower  than  70K  (El:40“) 
Linear 

Step  irackine,  accuracy: 
Better  than  i0.0S“ 


4.  TRANSPORTABLE  TV  RECEIVE-ONLY 
STATION 

The  transportable  TV  receive-only  earth  station 
terminal  (hereinafter  called  the  TV  receive-only  C 
station,  or  T\'RO)  was  designed  and  developed  mainly 
to  be  hauled  to  various  areas  of  the  mainland  of  Japan, 
and  be  used  to  augment  the  data  obtained  by  various 
kinds  of  TV  receive-only  stations,  measure  their  trans- 
mission characteristics,  and  perform  receive  video  quali- 
ty evaluation.  A great  stress  was  placed  on  its  receive 
flu.\  density  measuring  function  especially  in  view  of 
its  great  mobility  and  the  role  of  data  collection  at 
various  places. 

The  teceive-only  C station  consists  of  a 1 .6m 
dia  antenna  of  a 4 section  precast  type,  a low-noise 
converter,  and  a receive:  in-door  unit  that  is  installable 
on  a maintenance  jeep  available  at  each  NHK  station. 
The  entire  assembly  of  equipments  can  be  loaded  on 
one  jeep,  hauled  to  any  desired  place,  and  immeuiately 
applied  to  various  kinds  of  measurements. 

The  external  view  of  the  TV  receive-only  C 
station  is  shown  in  Figure  6;  and  its  overall  block 
diagram,  in  Figure  7. 

The  antenna  subsy’stem  is  of  a 4-section  precast 
type,  and  features  a front-feed  type  parabola  anterma 
mounted  on  a tripod  support  structure,  it  has  the 
mechanism  for  easily  adjusting  the  AZ  and  EL  angles  of 
the  antenna  by  hand,  and  the  repeatability  of  the 
antenna's  gain  performance  upon  assembling  of  the 
subsystem  is  within  0..7aB. 

The  low-noise  converter  is  of  the  type  having  a 
planner  circuit  in  the  waveguide,  the  same  as  that  of  the 
Type-A  station.  And  its  IF  frequency  band  is  290  to 
470MHz.  and  its  performance  characteristics  are  as 
shown  in  Figure  8 and  Table  4. 

The  receiver  in-door  unit  consists  of  a channel 
divider,  an  FM  demodulator,  and  a pilot  signal  receiver. 
It  is  capable  of  simultaneously  receiving  on  one  sub- 
channel each  of  the  A and  B Channels  (total  of  two 
subchannels)  and  of  measuring  the  pilot  signal's  receive 
flux  density. 

The  TV  receive-oniy  C station  has  the  function  of 
sending  and  repeating  the  receive  signal  from  the  satel- 
lite to  the  IF  stage  of  the  existing  TV  broadcasting 
translator.  So  in  addition  to  the  above  equipments,  it 
incorporates  a VSB-.A.M  moduiator.  a TV  noise4oading 
test  set.  a waveform  monitor,  a color  video  monitor,  a 
recorder,  etc.  The  pert'ormance  of  the  TV  receive-only 
C station  as  consututed  by  these  equipments  is  shown  in 
Table  5. 


' S.  WRECr-TO-HO.ME  RECEIVER 

iThe  direct-to-home  receiver  was  researched  and 
designed  to  serve  as  a model  for  receiving  TV  programs 
by  either  a common  receive  terminal  or  a home  TV 
receiver.  It  can  be  divided  mainly  into  the  following 
two  elementsL 

(1)  The  antenna  of  about  Im  diameter  to  whose  rear 

is  attached  the  Outdoor  Unit  (low-noise  converter). 

(2)  The  Indoor  Unit  to  be  used  in  combination  with  a 

conventional  TV  set. 

Rgures  9 and  10  show  the  external  views  of  the 
indoor  and  outdoor  units  respectively. 

The  outdoor  unit  converts  the  12GHz  band  signal 
from  the  satellite  to  a 400MHz  signal.  Then,  of  the  five 
subchaimels  Al,  A2,  BI,  B2,  and  B3  formed  in  the 
indoor  unit,  the  desired  subchannel  is  selected  by  push- 
ing of  the  selector  buttons.  Then,  the  signal  of  the 
selected  subchannel  is  demodulated  by  the  FM  derr  -du- 
lator  built  in  the  indoor  unit  and  output  as  video  and 
audio  signals.  And  at  the  same  time,  it  has  the  function 
of  extracting  the  signals  converted  to  the  usual  terres- 
trial broadcasting  VHF  frequencies  of  the  No.l  orNo.2 
channel  upon  their.passing  through  the  built-in  VSB-AM 
modulator. 

Accordingly,  if  the  output  is  to  be  directly  fed  to 
a home  TV  set,  it  would  constitute  a direct  reception 
of  a satellite  broadcasting  program,  and  the  equipment 
would  be  a very  simplified  one  compared  with  that  for 
reception  via  a common  receive  terminal. 

It  should  be  added  here  that  preceding  the  NHK’s 
satellite  broadcasting  experiments,  MELCO’s  direct-to- 
home  receiver  was  used  in  the  U.S.A.  and  Canada  in  the 
CTS  receiving  experiments.  And  that  the  clearness  of 
video  obtained  therefrom  was  the  object  of  attention  in 
various  countries. 


Figures.  External  View  of  TV  Receive  Only-C  Station . 
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Figure  10.  External  View  of  CXit-Door  Unit . 


Table  4.  Performance  of  Low  Noise  Down-Converter 


For  Transport-  | 
able- A 

For  TV  Receive  Only  and 
Direct-to-Home  Receiver 

input  Frequen- 
cy 

1195-1 2. 13GH2 

11.95-1 2. 13GHz 

tF  Frequency 

1.16--1.34GHZ 

290-470MH;: 

Local  Oscillator 

10.79GHz 

1 1.66GHz 

Noise  Fipjte 

Less  than  S.OdB 

Leu  than  4.5dB 

Converter  Gain 

More  than  40dB 

More  than  50dB 

Frequency 
Stability 
of  Local 
Oscillator 

Environmental  ' 
Conditions  | 

Within  tlxlO'* 

(Mul.ipiier  with 
Xtil  OSC) 

-’C-KO^C 

100% 

Within  ±16x1  O'*  (TVRO) 

Within  ±4.2x10'*  (Diiech 
to-Home  Receiver) 
(Stabilized  Gunn  OSC) 
-20“-M0®C 
45-90% 

Table  5.  Performance  of  Transportable  TV  Receive 
Only  Station 


Item  1 

i 

Performance 

Antenna  1 

Frequency  Range 

11.95-1113GHZ 

Gain  1 

Better  than  43dB 

Sidelobes 

10  5-*-25!ofWdo  or  lOIogGo 
(6>;3dB  beam  angle. Go; gain 
at  beam  center) 

Noise  Temperature 
Receiver 

Leu  than  50K{EL40*> 

input  Frequency 

11.95-1 2.13GHz 

Level  Range 

-85— 65dBra 

Noise  Figure 

Leu  than  4.5dB 

Oitput  Level 

TV  video  ! Vp-p/75fl  unbalanced, 
positive  polanty 

TV  sound  0dBm/600n  balanced 

■’  IF  Center  Frequency 

27MHz/ch 

SNR 

TV  video:  better  than  31dBp-p/ 
rms  (unweighted) 

TV  sound:  better  than  50dB  rms/ 

rms 
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Table  6.  Performance  of  Direct-to-Home  Receiver 


Item 

Performance 

Frequency  Range  • 

11.95-^1 2.13GHz 

Ut  IF  Frequ8.icy 

290~470MHz 

2nd  IF  Frequency 

130MHz 

1st  LO  Stability 

Within  i4.2xl0'*  (±500kHz)/-20*-. 
e40“C 

Modulation 

FM  (TV  video)  FM-FM  (TV  sound) 

Noise  Figure 

Lower  than  4.  SdB 

Receiving  Bandwidth 

27MHz/ch 

Threshold  Level 

-85dBm 

ACC  Characteristics 

Within  IdBp-p  over  input  range 
-90  to  -60dBm 

TV  video  Output  Level 

lVp-p/75f)  unbalanced,  positive 
polahty 

TV  sound  Output  Level 

0dBm/6U0n  balanced 

VMF  AM  Output 

More  than  SOdBpV.  91.25MHz  or 
97.25MHz 

Power  Supply 

AC  lOOV 

Power  Consumption 

40VA 

Dimeruions 

Out-Door  Unit:  98(W)x98(H)x 

and  Weights 

240(D)(mm) 

1.5kg 

In-Door  Unit  280(W)x85(H)x 
24(KD)(mm) 

3.9kg 

'6.  CONCLUSION 

; The  satellite  broadcasting  system  by  Medium-scale 
Broadcasting  Satellite  for  Experimental  Purpose  and 
related  ground  terminals  have  been  presented. 

The  full-fledged  experiment  using  these  terminals 
was  commenced  in  July  1978.  Tlie  data  obtained  there- 
from will  no  doubt  contribute  to  establish  cssentiil 
technical  standards  to  be  applied  to  and  to  reflect  in  the 
hardware  of  the  next  generation  satellite  broadcasting 
system  using  the  I4/12GHz  band  and  to  bring  up 
practical  operation  technique;  i.e..  the  multiaccess. 

And  with  introduction  of  new  semiconductors, 
whose  performance  is  being  improved  by  leaps  and 
bounds,  smaller  size  and  lower  cost  equipment  with 
better  performance  for  practical  use  will  oe  developed. 
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